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PRECIPITATIOIS AS Tt*^ -""^^"^^ ^^ 

*^E IODIDE. 
Bt F. a. QOOCB. Ajn> \v^ f, 

• v-. MOBGAN.* 

'' ^^ZTJ^ ^^W ^^ >^^odic acid and (.Uurous 

^^uit^^twitii^^ ^^^^^untetxaiodide, which 

.^ converted .Jy ^ter ixxt<> an oxyiodide and by excess of an 

feline iodide mto a ^l^y^Ve doTible salt Wheelerf has 

sk^owu that t^ aouDLe salt, ^\dc\i is formed when teUurous 

Vc3dide iB boiiy m a stroxig solution of potassium iodide in 

ailute hydriodic acia i^ d^fimte and has the constitution 

xepieseuted by tHe xoxixi\ila 2KI . Tel, . 2HaO. We have 

observed, however, tiia.^ ^Ixen potassium iodide is added to a 

cold solution of telhxroixa acid containing at least one-fourth 

of its volume of stroxxg sxdphuric acid, no tendency toward 

the formation of a ^oiible salt becomes apparent until the 

potasfflum iodide amoixxxta to more than enough to convert aU 

the teUurous acid px^^e^xit into the tetraiodide according to the 

equation, 

H»TeO, + 4B:^S0^ + 4KI = Tel* + 4KHSO4 + 3H,0. 

The teHuiiuin tetaraiodide which is thus formed is extremely 

insoluble in snlplnxric acid of the strength mentioned, though 

soluble in excess ol potassium iodide, and acted upon by water 

witii tibe iormation of tellurium oxyiodide and hydriodic acid. 

It IS produced at first in the condition of a finely divided 

^Tk. brovm precipitate which upon agitation of the liquid 

coutaimng it gathers in curdy masses and settles, leaving the 

* From Am. Jour. Sd., ii, 271. 
t Am. Jour. Sci., xIt, 267. 
VOL. n.— 1. 



2 DETERMINATION OF TELLURIUM BY 

supernatant liquid clear. By taking advantage of this tendency 
to curd it is possible to detennine without great difficulty the 
exact point during the gradual addition of potassium iodide 
when the precipitation of the tellurium iodide is complete, and 
we have been able to found upon this property a very simple 
titrimetric method for the direct determination of small 
amounts of tellurium. 

In our test experiments we used tellurium dioxide prepared 
by oxidizing presumably pure tellurium with nitric acid and 
igniting the residue at a low red heat. Weighed amoxmts of 
the oxide thus prepared were dissolved in Erlenmeyer beakers 
in a very little of a strong solution of potassium hydroxide, 
and dilute sulphuric acid was added carefully until the tellu- 
rous acid which was precipitated upon the neutralization of 
the alkaUne hydroxide was just redissolved. To this solution 
sulphuric acid of half-strength was added in such amoxmt that 
the solution finally obtained, after adding the aqueous solution 
of potassium iodide subsequently, should still contain at least 
one-fourth of its volume of strong sulphuric acid. The 
Erlenmeyer beaker was placed upon a pane of window glass 
supported upon strips of wood about 1 cm. above the level of 
the work table, which was covered with white paper. A 
solution of approximately decinormal potassium iodide free 
from iodate and carefully standardized in terms of iodine by a 
method described in a former paper from this laboratory * was 
introduced gradually from a burette into the middle of the 
Erlenmeyer beaker. As the drops of the potassium iodide 
touched the liquid the precipitation formed at the centre and 
travelled in rings toward the outer walls of the beaker. When 
the liquid became so opaque that the effect of the potassium 
iodide was distinguished with difficulty, the beaker was rotated 
and the curded precipitate permitted to settle, and then the 
process of titration was continued as before. We experimented 
with amounts of tellurium dioxide varying from approxunately 
0.025 grm. to 0.1 grm., the latter quantity being as large as can 
be handled with accuracy without intermediate removal of the 

* Am. Jour. ScL, zzxiz, 188. Yolume I, p. 1. 
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ON THE APPLICATION OF CERTAIN ORGANIC 
ACIDS TO THE ESTIMATION OF VANADIUM. 

Br PHILIP E. BROWNINa uD BICHABD J. GOODMAN.' 

In a former papert by one of U8 a metiiod for tiie determi- 
nation of vanadium was described in which tartaric acid w&s 
used to reduce vanadic acid to the condition of the tetroxide. 
The method may be briefly outlined as follows : 

Measured and weighed portions of a solutiou of ammonium 

vanadate, the standard of which had been detenniued by the 

evaporation and ignition of definite portions, weie treated with 

tartaric acid in excess and boiled, when the appearance of the 

deep blue color indicated the reduction to the conditioD of the 

tetroxide. After cooling, the solution was neutralized witli 

potassium Incarbonate and a moderate excess of that recent 

added. To the alkaline solution an excess of a standard 

solution of iodine was added and the whole allowed to stand 

about one hour, wheu no further bleaching of the iodine was 

noticed. The excess of iodine was then destroyed with a. 

ndard solution of arsenious oxide, starch was added, and the 

le color obtained with a few drops of the iodine solution. 

e total amount of iodine used, less the amount equivalent to 

I arsenious oxide solution used, is the amount necessary to 

idize the vanadium from the condition of the tetroxide to 

it of the pentoxide, from which, according to the following 

lation, can be calculated the amount of vanadium present : 

V,0, + I-I + H,0 = V,0, + 2HI. 

Vnta Am. Jour. 8ci., ii, 36G. 
Zeiischr. anorg. Chein^ Tii, 168. 

These determinatioiu are beit made in Bmall Erlenmofer beaken, cloMd 
1 paTafflii.oaated corki while Btanding with iodine. 
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the majority of the detenninations gave large plus errors, and 
a few experiments made with the molybdate alone seemed to 
show a noticeable reduction of the molybdic acid. In the 
following table the results are tabulated. In experiments (8), 
(4) and (5) the mixtures were not boiled with tartaric acid, 
but warmed on a steam bath, with, however, no very apparent 
prevention of the reducing action. 
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We next tried the action of tartaric acid upon the vanadium 
solution in the cold and found that the reduction could be 
carried on to completion under these conditions if the tartaric 
acid was in large excess, the time sufficient, and the volume of 
the solution smalL The following series was made to deter- 
mine these points: 
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8 APPLICATION OF CERTAIN ORGANIC ACIDS 

number of determinations of vanadium in the presence of 
molybdenum and tungsten made in the cold and allowed to 
stand from one* to fomr days. It will be noticed that the 
results on standing one day with five grams of tartaric acid 
are for the most part satisfactory, and an increase in the 
length of time does not cause any apparent reduction of 
the molybdenum. 

Friedheim f has shown that vanadium is reduced from the 
condition of the pentoxide to that of the tetroxide by boiling 
with oxalic acid. The reduction is so complete that he has 
developed a method for the estimation of vanadium upon this 
reaction and shows that it may be applied in the presence of 
molybdenum and tungsten, the acids of these elements not 
being reduced by the oxalic acid. When the vanadic acid is 
reduced the oxalic acid is oxidized and a definite amount of 
carbon dioxide evolved according to the reaction. 

VA + H,C,04 = V,04 + HaO + 2C0,. 

This carbon dioxide Friedheim conducts by an appropriate 
form of apparatus into potassium hydroxide and weighs. 
From this weight the amount of vanadic acid originally 
present may be readily calculated. 

We have applied the method of oxidation with standard 
iodine described in the tartaric acid process to the residue 
after boiling with oxalic acid. The method of treatment was 
identical with that outlined at the beginning of this paper. 
The results which follow in the table are for the most part 
satisfactory and the method is certainly more easily applied 
than Friedheim's process, the potassium hydroxide absorption 
apparatus bemg unnecessary. 

Having applied successfully both tartaric acid and oxalic 
acid in the manner described, the action of citric acid applied 
in the same manner suggested itself as a fitting conclusion to 
the study of the action of this class of organic acids. In this 

* Some of the determinations designated in the table as haring stood one 
'Hay in reality stood only about fifteen hours, from p. m. to 9 a. v. 
t Zeitschr. anorg. Chem., i, 312. 
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gram of the acid foi every tenth of a gram of substance to be 
determined. Heat the solution to boilit^, except in case tar- 
taric acid be present with molybdic acid, when digestion for 
from fifteen to twenty-four hours in the cold should be substi- 
tuted. To the cold liquid add about five grams of potassiiun 
bicarbonate for every gram of acid used. Add iodine in shght 
excess and set aside until no further bleaching is noticeable. 
Destroy the excess of iodine with arsenious oxide solution, add 
starch, and titrate back with standard iodine. The total 
amount of iodine used less the equivalent of the arsenious 
oxide is the measure of the oxidation. 

We have found it of advanti^e, when starting with a new 
solution of the vanadate, to make one determination roughly 
and to get from this rough detemunatiou the proportJ9ns of 
acid and iodine to be used in the determinations to follow. 
Large amounta of the acid and a laige excess of the iodine 
have been employed in many determinations without any 
apparent unfavorable effect upon the resulta. The tendency, 
however, under these circumstances is toward plus errors, 
which may be avoided by following the above directions. 
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diately by the volume of arsenic solution lequired for the 
titration. 

The volume of oxygen found by means of the arsenic 
solution is, of course, under the standard conditions of tem- 
perature and pressure (0^ and 760 nmi.), and it is therefore 
essential either to calculate this volume into that which it would 
occupy under the conditions of the experiment or to reduce 
to the standard conditions of temperature and pressure the 
volume of air taken. The latter plan is the more satis&ctory 
since by Lunge's ingenious device* the reduction can be 
readily effected without any calculation and independently of 
changing temperature and pressure. For my purpose the 
following arrangement of two burettes answered admirably. 
One burette graduated to 120 cm^ contained over mercury 
the same volume of moist air which 100 cm^ of air at 0° and 
760 mm. would occupy under the given conditions, this stand- 
ard being very carefully determined. By means of a T-tube 
this standard burette was placed between and in connection 
with the burette in which the volume of air to be analyzed 
was measured, and a movable reservoir of mercury. Both 
burettes were firmly fastened to a movable iron rod and the 
zero marks accurately adjusted to the same leveL By draw- 
ing into the measuring burette a volume of air greater than 
that required — for which purpose a small bulb was attached 
to the lower end of the burette, and then by raising the reser- 
voir of mercury, compressing the air in the standard tube to 
the 100 cm^ mark, at the same time allowing the excess of 
air to escape from the measuring burette, exactly 100 cm* of 
air under the standard conditions of temperature and pressure 
was obtained. To facilitate the adjustment, two strips 
of wood were fastened to the rubber connection by means of 
screw pinch-cocks in such a way that by closing one pinch- 
cock the flow of mercury from the reservoir could be shut off, 
and then by gradually tightening the other pinch-cock the 
mercury would be forced out of the rubber, and thus an easy 
and accurate adjustment to the 100 cm' mark be secured. 

• Zeitschr. sngew. Chem., 1890, ISO. 
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4 THE DETERMINATION OF OXYGEN 

leans of the tube which reached below the sur&ce of the 
irater, pure carbon dioxide was passed through while the 
inater was still boiling, which together with the escaping 
team was sure to expel all oxygen. Then the heat was 
Bmoved and the current of carbon dioxide continued until 
lie boiling ceased, when the escape tube was closed by a 
iece of rubber tubing and screw pinch-cock. As the water 
ooled it was well shaken while still in connection with 
be carbon dioxide generator, and thus became saturated 
dth the gas, which was then pumped in under considerable 
iressure by the little hand pump described in a previous 
aper from this laboratory. By this means the water could 
e drawn as needed without the introduction of any air. 
?he escape tube was provided with a rubber tube and screw 
•inch-cock, and a long, slender nozzle which could be in- 
erted into the tubes of the absorption apparatus. A bottle 
bus charged sufficed for all the determinations and required 
nly an occasional supply of carbon dioxide when large 
raughts of water were required for making the potassium 
xlide solution. 

The potassium iodide solution was made up to contain one 
ram of the salt in thirty cubic centimeters of water, and 
^as contained in convenient form in an ordinaiy wide- 
louthed bottle fitted as a wash bottle, and graduated ap- 
roximately for each thirty cubic centimeters' volume — the 
mount usually taken. The potassium iodide was weighed 
ito the bottle, which was then closed and all air expelled 
y a current of carbon dioxide, when the desired amount of 
rater, free of oxygen, was drawn in, and attachment again 
lade with the carbon dioxide generator. After allowing the 
as to pass for several minutes the exit was closed and the 
as pumped in by the little hand pump. Inasmuch as this 
Dlution, when it was used, was drawn into an exhausted 
ulb, the bottle could be emptied without ever exposing its 
ontents to the air. 

Nitric oxide was generated very satisfectorily according to 
^rofessor Gooch's method — by the action of nitric acid 
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upon globules of copper in a Kipp generator. When the 
nitric acid is diluted with an equal volume of water the 
evolution of the gas is sufficiently rapid without the applicar 
tion of heat, but contamination by the higher oxide is more 
likely. However, since it is necessary, in order to be certain 
of purity, to pass the gas through an acidified solution of 
potassium iodide before applying it to the determination 
of oxygen, whatever higher oxide may be present will be 
reduced. By passing the gas, as it issued from the generator, 
through a set of Geisler bulbs containing an acidified solution 
of potassiiun iodide and washing with potassium iodide solu- 
tion, the perfectly purified gas was obtained. Theoretically, 
only a small amount of the nitric oxide is required for the 
transference of the pxygen to the hydriodic acid, but when 
too little is taken the action is very slow. On the other 
hand, too large an amount relieves the vacuum to such an 
extent as to interfere with the introduction of the air. A 
little device to measure the volume of gas taken was there- 
fore attached to the generator. It consisted of a tube filled 
with water and roughly graduated for every five cubic centi- 
meters, so attached to the generator that the gas would enter 
by displacement of the water, which would descend to a 
lower bulb, and as the gas was 'withdrawn the water would 
again take its place. Fifteen cubic centimeters of the gas 
was found a convenient and satisfactory amount for the 
analysis. 

Carbon dioxide was generated in a Kipp generator, the 
acid and marble of which had been previously boiled and 
contained a little cuprous chloride. To remove a trace of 
reducing matter which the gas was found to contain, it was 
first passed through a solution of iodine and washed with 
potassium iodide. 

For the titration a decinormal solution of arsenious oxide 
(4.95 grms. to the liter) was employed : 1 cubic centimeter 
being equal to 0.559846 cm' of oxygen at 0° and 760 mm. 
when the weight of a liter of oxygen at 0° and 760 mm. is 
taken as 1.42895 grm. When the volume of air taken 
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is 100 cm' under standard conditions of temperature and 
pressure, as obtained by Lunge's device, the following table, 
calculated for the volume of oxygen equivalent to the volume 
of arsenic solution, shows directly the percentage of oxygen 
corresponding to the reading of tiie burette. The correction 
necessary for the fraction of a tenth of a cubic centimeter 
of the arsenic solution is obtained with sufficient accuracy 
by simply multiplying by 0.005. 
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Table I shows the results obtained in a series of determina- 
tions. Experiments (1) to (11) inclusive were made upon por- 
tions of air collected over water on March 28, measured in an 
ordinary gas burette and reduced to the standard conditions 
of temperature and pressure. The remainder of the deter- 
minations were made upon air collected on April 8, each 
portion having been measured in the apparatus described, for 
the reduction to standard conditions. 

No correction was found necessary for the blank determina- 
tions, since when boiled water was used the solution was only 
faintiy colored with iodine, which requires only a drop of 
arsenic solution to bleach it. As is evident from the table, the 
determinations according to this method are not reliable beyond 
0.05 per cent, but for practical purposes this is sufficientiy 
accurate. For the sake of comparison two determinations by 
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tween stop-cock, &, and the fiducial mark, c, was caxefullj 
determined. 

The manipulation for the determination of dissolved oxygen 
was as follows : The fiask was held in the position shown by 
a clamp fastened to a movable support. Stop-cock I being 
closed, the water was admitted through e and the air allowed 
to escape through d until the level of water was that indicated 
by the line /. (When the water to be examined is not 
saturated with air, the flask must first be filled with carbon 
dioxide and the water entered by replacement of that gas.) 
With d closed, sufficient water was allowed to escape through 
b to bring the surface to «, which was then closed. The nitric 
oxide generator was then attached to (2, and by opening b the 
gas was allowed to replace the water until the meniscus 
coincided with c, when d was closed and the generator 
disconnected. Two cubic centimeters of strong hydrochloric 
were introduced through e by expelling nitric oxide through 
(2, in which a drop of water formed an effective trap to prevent 
the entrance of air. Then the potassium iodide was admitted 
in the same way. The solution of iodide for this purpose 
was free of oxygen and contained one gram in three cubic 
centimeters. It was kept under pressure of carbon dioxide in 
the bottle previously described, and by means of a long nozzle 
could be conducted to the bottom of eh and thus be admitted 
with but momentary and slight contact with the air. The 
tube eh contained approximately three cubic centimeters. 
With all the stop-cocks closed, the flask was inverted several 
times and thoroughly shaken, at the same time washing out 
the ends of the stop-cocks with distilled water. After again 
placing the apparatus in its position, enough potassium bicar- 
bonate solution was admitted through e to expel all the 
nitric oxide through d\ the bulb, a, holding sufficient of the 
bicarbonate to neutralize all the acid taken. The bicarbonate 
being heavier quickly diffuses through the contents of the 
flask and neutralizes the acid ; d and e are kept closed for a 
minute with b open so as to allow sufficient of the liquid to 
escape into a beaker containing some bicarbonate to provide 
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IV 

A METHOD FOR THE SEPARATION OP 
ALUMINUM FROM IRON. 

Bt F. a. GOOCH akd F. S. HAVENS.* 

Of the well-known methods for the separation of aluminum 
from iron — by the action, for example, of an alkaline hydroxide 
in aqueous solution or by fusion of the mixed oxides in 
potassium or sodium hydroxide; by reduction of the iron 
oxide to the metal by heating in hydrogen, with the 
subsequent solution of the metallic iron in hydrochloric 
acid; by boiling the nearly neutral solution of the salts of 
aluminum and iron with sodium thiosulphate either with or 
without sodium phosphate ; by acting with hydrogen sulphide 
or ammonium sulphide upon solutions of the salts containing 
also an ammoniacal citrate or tartrate — no single process can 
be said to be ideal as regards directness, rapidity and accuracy 
of working. We have deemed it not superfluous, therefore, 
to attempt the utilization of a reaction which should apparently 
be capable of effecting directly and quickly the separation of 
aluminuin from iron under conditions easUy attainable. 

It is known f that the hydrous aluminum chloride AICU.6H2O 
is very slightly soluble in strong hydrochloric acid, while ferric 
chloride, on the other hand, is extremely soluble in that 
medium. It is this difference of relation of which we wished 
to take advantage. 

It appeared at the outset that crude aluminum chloride 
could be freed from every trace of a ferric salt by dissolving it 
in the least possible amount of water, saturating the cooled 
solution with gaseous hydrochloric acid, filtering upon asbestos 

* From Am. Jour. Sci, ii, 416. 

t GUdytz, Ber. Dtoch. chem. Qes., xri, 447. 
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in a filtering crucible or cone, and washing the crystalline 
precipitate with the strongest hydrochloric acid. Aluminum 
chloride prepared in this way gave no trace of color when 
dissolved in water and tested with potassium sulphocyanide. 
The correlative question as to how much aluminum chloride 
goes into solution under the conditions was settled by taking 
a portion of the pure aluminum chloride, dissolving it in a 
very little water, diluting the solution with strong hydrochloric 
acid, saturating the cooled liquid with the gaseous acid, filtering 
on asbestos, precipitating by ammonia the aluminum salt in the 
filtrate and weighing the ignited oxide. 

From 10 cm^ of such a filtrate we obtained in two deter- 
minations 0.0022 grm. and 0.0024 gnn. of the oxide, the mean 
of which corresponds to 23 parts of the oxide or 109 parts of 
the hydrous chloride in 100,000 parts of the strong hydrochloric 
acid. This degree of solubility, though inconsiderable when 
the objective point is the preparation of the pure salt of 
aluminum, is obviously incompatible with the attainment of 
quantitative accuracy in the retention of the aluminum. We 
have found, however, that various mixtures of anhydrous ether 
and the strongest hydrochloric acid can be used satisfactorily 
as solvents for the iron chloride, while the aluminum chloride 
is insoluble to a very high degree m a mixture of hydrochloric 
acid and ether taken in equal parts and thoroughly saturated 
with gaseous hydrochloric acid at the atmospheric temperature. 
We found that 50 cm^ of the solution of aluminum chloride, 
obtained by mixing about 0.1 grm. of the hydrous chloride 
(dissolved in 2 cm^ of water) with the mixture of pure, 
specially prepared aqueous hydrochloric acid and ether in equal 
parts and again saturating tiie liquid at 15° C. with gaseous 
hydrochloric acid, left upon evaporation and ignition 0.0004 
gnn. in each of two experiments — results which indicate a 
maximum solubiUty corresponding to 1 part of the oxide or 
approximately 5 parte of the chloride in 125,000 parte of the 
equal mixture of ether and aqueous hydrochloric acid of full 
strength* 

Pure aqueous hydrpchloric acid of full strength mixes 
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perfectly with its own volume of anhydrous ether, but it is 
a curious fact that the addition to this mixture of any very 
considerable amounts of a solution of ferric chloride in strong 
hydrochloric acid determines the separation of a gieenish oUy 
ethereal solution of the ferric salt upon the surface of the 
acid. The addition of more aqueous acid does not change the 
conditions essentially, but more ether renders the acid and 
the oily solution completely miscible. The ferric chloride 
seems to abstract ether from the ether-acid mixture and, then 
dissolved in the ether, remains to some extent immiscible with 
the aqueous acid thus left until the addition of more ether 
restores to the mixture that which was taken from it by the 
ferric chloride. Our experiments show that, while for the 
separation of insoluble aluminum chloride from certain small 
amounts of soluble ferric chloride the mixture of the strongest 
aqueous hydrochloric acid and ether in equal parts serves a 
most excellent purpose, when larger amounts of ferric chloride 
are to be dissolved ether must be added proportionately in 
order to prevent the separation of the ether^ solution of 
ferric chloride from the rest of the liquid. 

Great care was taken to insure the purity of the aluminum 
chloride used in the test experiments. The so-called pure 
chloride of commerce was dissolved in the least possible 
amotmt of water and this solution was treated with a large 
volimie of strong hydrochloric acid. The chloride thus 
obtained, free from iron, but possibly contaminated (as we 
found by experience) with some alkaline chloride, was dis- 
solved in water and converted by ammonia to the form of the 
hydroxide, which was thoroughly washed and dissolved in hot 
hydrochloric acid of half-strength. From this solution, after 
cooling, gaseous hydrochloric acid precipitated the hydrous 
chloride in pure condition. The chloride thus prepared was 
dissolved in water and the strength of the solution was 
determined by precipitating the hydroxide from definite 
portions, and weighing the ignited oxide in the usual manner. 

In the experiments recorded in Table I, measured portions 
of the standardized solution were submitted to the treatment 



^^tJArJNzTI^ 



J^ROAf IRON. 



yr O*^^oric acid and ether. TYl& essential thing in the 

^\^ w\iKve at the end a misctuxe of the strongest aqueous 

^^li'S '^C-^onc ftcid with an equal volume of anhydrous ether 

f^'-C^^l^ f* * temperature of aboi3t> 16° C. The most con- 

^'^^^^^ ""^^ *** secure these conditdoxis seems to be to mix the 

^^ffo-*^ BoVution of the almninum, sa.lti -virith a suitable volume 

^jipsss^ ^longest aqueous Lydrochlor-io ckcid — enoi^h to make 

q{ tb^ .^jje ■volume something bet-v*reen. 15 and 25 cm' — to 

the ®*te this mixture with gaseoua liy<irochloric acid while the 

acle containing it 

I volume of ether 

, to treat the 






k»^^^ IB kept cool by immersiiig t^e roeeptacle c 

^(^\i3^^^^^^^ gl running water, to int^eiTzxiis s volu 

in * ^ to the volume of the liqiiid, ck.n<l finally, to 

eq^**^^^ nature once more -with -fctio gaseous acid to insure 

et^® jj^jj_ The precipitated crystailixxe chloride was collected 

***^**rtMl»flto8 in a perforated cr\icit»l©, -WTished with a previously 

"'"r.aied mixture of hydrochloric acid and ether carefuUy 

'"Silted with the gaseouB acia at 15= C, and either ignited 

"^ieaieful drying at 150° oi i«aiBsol-irod in water, converted 

^^Vhe hjdioiide by ammonia in the "«nal way and weighed 

„ fte oside after atiation, ■sviMdiin.e. ai^i'g^'io''- In eiperi- 

°~^_„.. n\ to (4) the precipitafcea chloride was ignited directly ; 

ii^ eiperimmt CB^) the ignitioii WM made with great care m an 

^^oiphere oi »ipethe».ed atearn -, a»d >° «^I»™'» («) ^ 

\-%SD L chloride wa. diMoWea, pxeoipteted as the hydronde, 

a^^nd wMgbed as the OTdde. 



24 A METHOD FOR THE SEPARATION 

The experiments in which the chloride was converted to the 
hydroxide before ignition show upon the average an absolute 
loss of about 0.0006 grm. : the single experiment in which the 
ignition took place in steam shows about the same loss — 0.0005 
grm. ; while in those experiments in which the chloride was 
dried and then ignited directly, the average loss amounts to 
about 0.0020 grm. The error of the process which involves 
the precipitation of the aluminum as the hydroxide, falls within 
reasonable limits, but it is plain that the direct ignition of the 
chloride is liable to error, which may possibly be explicable as 
a mechanical loss occasioned by the too rapid evolution of the 
hydrochloric acid and water of ciystaUization, or, possibly, as 
the result of a very slight volatilization of the aluminum still 
holding chlorine in spite of the decomposing action of the 
water upon the chloride. In either case, it would seem to be 
reasonable to suppose that a layer of some easily volatilizable 
oxidizer placed upon the aluminum chloride might serve to 
obviate the difficulty — in the one case, by serving^ as a screen 
to diminish mechiical taansportation of the non-volatile 
material ; and in the other, by acting as an agent to promote 
the exchange of chlorine for oxygen on the part of the 
aluminum chloride. 

We have tried, therefore, the expedient of covering the 
aluminum chloride before ignition with a layer of mercuric 
oxide, which of itself left no appreciable residue when it 
volatilized. The hydrous chloride was collected as usual upon 
the asbestos in a perforated crucible, dried for a half-hour at 
150° C, covered with about 1 grm. of the pure mercuric oxide, 
gently heated with great care under a suitable ventilating flue, 
and finally ignited over the blast. The results are given 
below (see Table II). 

It is obvious, therefore, that the precipitation of the crystal- 
line hydrous aluminum chloride from solutions of the pure salt 
is perfectly feasible and very complete, when effected by 
aqueous hydrochloric acid and ether thoroughly saturated with 
the gaseous acid and kept cool ; and that the conversion of the 
chloride into the weighable form of the oxide is best effected 



IRON. 



25 




Final 


Brror. 


cm* 

25 
26 
25 


gna. 

o.oooa- 

0.0007- 
0.0010- 



, or by dissolving 

the hydroxide to be 

the two methods the 



it ^ ^^ ^ • . ^^ more convenient. 

J^^ ^jtfeaent any difficulty, i>xx>viding only that the 
^^"^ <:r ^T^ ^s taken to have present a. snfiacient excess of ether. 
^^NsJ!^^^^^^ "^^^ P^* *^ ^^ test of experiment with the 









^corded in Table III. 




AlsQtfomid 
by ignition 
withHc^. 



0.0767 
0.0766 
0.0765 
0.0765 



daloriditt. 



Final 
▼olmne. 



L 



o. 
o. 
o, 
o. 



om* 
26-30 
26-^ 
26-^ 
26-30 



Error. 



0.0004- 
0.0006- 
0.0006- 
0.0006- 



"%le»8^ired portions of the standctx^ 

jj£^xvde were evaporated nearly to 
^n ^^jnoTint oi pure ferric cb'* =^ 
of tiie oxide was added 



solution of aluminum 
ness in a platinum dish, 




lixtuie of strong hydroclil" 
were iatroduced, the liqjiiA 

50US hydiocYiloxic acid 01^^ 

de--^nce f OT cooUng it by Tunmiig 
^^3» added to secxiie complete 



equivalent to about 0.15 
little water, 16 cm* of 
a.cid and ether in equal 
saturated at 15^ G. with 
\>elng held in a convenient 
-^v^Lter^t 5 cm' more of ether 
Ability of the solutions, and 



26 SEPARATION OP ALUMINUM FROM IRON. 

more gas passed to perfect satoration. The almninuni chloride 
was collected upon asbestos in a perforated crucible, washed 
vith a mixture of ether and aqueous hydrochloric acid 
thoroughly saturated with the gaseous acid, dried at 150° C. 
for a half-hour, covered with 1 grm. of pure mercuric oxide, 
and ignited at first gently and finally over the blast. 
The tesulte show plainly a very satisfactoiy limit of error. 
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ca^ --^^cd. Thirdly, the fact Tma^ 

^^n^MB ^® solution under Tvell 

%^iiv^^ Erlenmeyer flask, partly 

^ xr^uction of the molybdic ctexd 

that ^® addition of standard - — ^- 

j^aJi^® ^^ sodium bicarbona- 

j^^tion of oxidation of the xixolylxiic acid. The results 
f fclxis treatment were shown -bo l>e accurate. 
Xjx a recent paper \ Friedheixxx 
jno— ^dfications of tiie distillation 



results might be 
that by simply 
conditions in an 
oXosed by a simple trap, 
I>xroceeded regularly, and 
to the solution made 
to restore the original 



^edheim's comments upon tlxo 



Ixas seen fit to make our 
rooess the subject of attack. 
tiiixxl method discussed (as 



Prom Am. Jour. Sci., iii, ^"J- 
-f Gooch and If airbaixkB, Am. Joxor- ScA., U, X57. Volume I, p. 876. 

r$ Zeitochr. anal. Chem.. xx, 607 . 
5 Ber. DtBch. chem. Ge»-» ^^^^»_???^- 
\ Ber. Btficli. cbem. Qes., 
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well as upon a subsequent application of the process) * aie 
evidently prompted wholly by personal opinion and demand 
no further attention. With reference to Friedheim's denial 
of the necessity of modification in the Friedheim and Euler 
treatment the case is different. 

The process of Friedheim and Euler consists, it will be 
remembered, in treating the soluble molybdate, or the solu- 
tion of molybdic acid in sodium hydroxide, with potassium 
iodide and hydrochloric acid in a Bunsen apparatus, boiling 
until the solution is of a clear green color, collecting the 
iodine distilled in potassium iodide, and titrating it with 
sodium thiosulphate. We found that the development of 
the green color was not a sufficient criterion of the exact 
reduction of the molybdic acid to the condition of the 
pentoxide and of the removal of the iodine which should be 
theoretically set free. To accomplish that end we found it 
safer and more convenient to start the distillation with a 
definite volume (40 cm^) of liquid and boil until a definite 
volume (25 cm^) was reached, care being taken with regard 
to the strength of acid and the excess of potassium iodide 
employed. Experience showed unmistakably that in order 
to avoid the decomposing action of the air upon the hot 
vaporous hydriodic acid in the retort, it was necessary to 
go beyond the measures advised by Friedheim and Euler 
(namely, to warm the retort and its contents slowly, heating 
to boiling only when the connecting tube was well filled 
with iodine vapor and the tendency toward back-suction of 
the liquid in the receiver began to appear) and to conduct 
the operation in a simple little apparatus (the retort holding 
about 100 cm') put together entirely with sealed and ground 
joints, as shown in the figure of the former paper, so ar- 
ranged that a current of purified carbon dioxide could be 
passed through retort and receiver during the distiUation. 
With this apparatus we were able to determine with accuracy 
the point of concentration at which the free iodine left the 
liquid, the molybdic acid having been converted to the con- 

* Am. Jour. Sci. ii, 181. Volome I, p. 391. 









' *^e occnxre«cS^ 1^^^"^^^^ '^^^ ^ dependence is 
*^ *o <ietei«^ ^ ® so^aUed clear green color 

^Ppen t^r*SJ^® ®^^** *** *^® distillation, it may 
place, it ^n^[^ iodine remains in the residue. 
i^_ ^^^~^^ be observed, in the itmosphere of 

presence of the free iodine can 



li^i^^ livdJ^Li^**^^'^*^ *** *^® ««*io° of atmospheric 
„o < ^. ^^T^^*" ^**^ remaning after the distiiation 



''I X> Vs ^.«>.!r^ '**'^^' ^'^**' ** appeared that, if iiie 
'^"''^l^^^^^^^ *^° ^' *^« «.olybdenum pentoxide may 
^'ft^>^^o4-'^'^''^ ^^ consequent evolution of more 
^U<^^^ted amovmt of iodine. The attainment of an 
^ ^L^ yiuT ^«<iiiction with the ©xpialsion of the corre- 



'^^J^^^^ ^^*^^**^®' precautions are taken. We found in 

'^ ^ ^^*'™''ie»^ito that, if amounts less t^ban 0.3 grm. of the 

"^^ ..<^^^ *cii are introduced in soliable form into the 100 cm» 

«v<3ci<^^^^"^ a not too great excess of potassium iodide, and 

-esStfJ*" ^jOT? of liquid so constituted -tlxa.t> 20 cm' of it shall be 

^e ^ ^sA 20 cm ' the strongest Ixydxocliloric acid, the reduc- 

•«?»*®* -^nceeds with a fair degree of ire^ularity in the manner 

^"^ ^t^ed. We found it importaxi-fc ix> xestrict the excess of 

es-V^^ ^Q]Q iodide so that it shall xxe'vex' exceed the theoretical 

P***^^ment by more than 0.5 gxno.. 

'^'^^j determinations with tibie pxxsre molybdenum triozide 

.^ed errors varyii^ from O.OOIO ^x-m. -\r to 0.0007 grm. — ; 

^ -v-ariationa from theory in the o-atpexriments with ammonium 

^^IV-bdate ranged from 0.0011 gnxx. -+- to 0.0011 grm. - . K 

*v, i results ate compared >witih. -tlxose given by Fnedheim 

\ Euler, the advantage is a littlo in favor of the latter; 

^te. a scrutiny of the figures given l>y Friedheim and Euler 

de^^elops the fact that the apparent accuracy of their work 

is bounded upon miacalculatioTia. Tliis fa«t was known to us 

at ^«lie time oi our formex -writing, \>VLt; we did not consider it 

es^ntial then to make the matter pnblic. The recent attack 

ot Fiiedheim makes that coxxrse no^ necesswy. 

herewith is reproduced a ta\>\e ot results obtamed by Fried- 
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heim and Euler in the test of their method upon ammonium 
molybdate, shown by analysis to contain 81.49 per cent of 
molybdenum trioxide. The figures which are incorrect are 
enclosed in brackets: 

OSIOINAL FlOUBBS OF FrXBDHSIM AKD EuUiB. 



Mb) 



ohrbdato 



gnu. 
0.2674 
0.4418 
0.4075 
0.8281 
0.4340 
0.4098 
0.4805 



l«AO, 

HMO. 



om* 



80.8 
50.8 
[40.71* 
37.83 
49.43 
46.68 
49.08 



1 cm* = 

0.00709 

MoOf 

1 cni' = 
0.007086 
MoO,. 



MoO, 
fomuL 



grm. 
0.2184 
0.3601 
0.3317 
0.2644 
0.3502 
0.3804 
0.8478 



Per omt of 

MoO| referred 

to molybdate 

taken. 



[81.71] 
81.51 
81.40 




Appended is a recalculation of the percentage of the trioxide 
found, with columns showing the percentage error and the 
error stated in fractions of a gram. Changes from the figures 
of Friedheim and Euler are in heayy-&ced type. 

BbCALGULATIOK of THB BsSULTB of FBISDHSIM Ain> EULEB. 



Corrected 

per cent of MoOg, 

found, referred to 

the molybdate. 


Srror in 

peroentof 

MoO, found 

compared with 

MoO, taken. 


Brror 
ofMoOr 


81.68 

81.51 

81.40 

80.58 

80.69 

80.62 

80.79 


0.28+ 

0.03+ 
0.12- 
1.12- 
0.99- 
1.05- 
0.86- 


grm. 
0.000&+ 
0.0001+ 
0.0004- 
0.0080- 
0.0085- 
0.0085-- 
0.0080- 



These figures of their own (properly calculated) are suffi- 
cient to show the inadequacy of the method of Friedheim and 
Euler. We ourselves were occasionally able to get results 
from the method of Friedheim and Euler quite as good as 



• Probably 46.7. 
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these; it must be said, however, that most of our results 
obtained by their unmodified method have been even worse 
than their own. 

In another series of six determinations, in which molybde- 
num tiioxide was the starting-point, Friedheim and Euler 
were more successful, the errors varying from 0.0006 grm. + 
to 0.0006 gim.— % Thus Friedheim and Euler establish by 
their own results the fact that the hitting of the right point at 
which to stop their process of boiling is a matter of chance. 
In spite of the probability that some of the iodine which they 
found in the receiver was liberated by atmospheric action, the 
fact remains that their results are in many cases veiy low. 
That is, they did not boil long enough. 

The difficulty appears again in the modification of their 
method which Friedheim and Euler apply to the determination 
of molybdenum trioxide associated with vanadium pentoxide,* 
namely, the distillation with phosphoric acid and potassium 
iodide of the residue left after reducing the vanadium pentox- 
ide by hydrochloric acid and potassium bromide, according to 
the method of Holverscheit. We reproduce the part of their 
table which refers to the determiaation of the molybdenum, 
adding, however, columns containing the errors and corrected 
percentages. 



MoOb 

ton. 


tmL 


PbT OMifc 

MoO. 
V.aadV. 


Inor. 


PttroMit 
MoOr 


0.16037 
0.16896 
0.17768 
0.24976 
0.83161 


fZBL 

0.16006 
0.16879 
0.17729 
0.24962 
0.88607 


99.79 
99.90 
99.84 
99.96 
[99.87] 


gnn. 
0.00032- 
0.00016- 
0.00029- 
0.00018- 
0.0046^ 


99.79 
99.90 
99.84 
99.96 
101.38 



Four of the five determinations are accurate, but the fact 
that all figures are carried out to the fifth decimal place does 
not keep three good-sized figures out of the error column for 
the fifth determination. 

* Ber. DtMh. chem. Gee., xzyiii. 2072. 
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It is hardly necessary, in the light of a comparison of the 
results of Friedheim and Euler with ours, to discuss further 
the unreliability of the unmodified process. The necessity of 
a proper control of the volume, strength of acid, and excess 
ofi^^tassium iodide, as well as proper protection from atmos- 
pheric oxidation, is real 
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^ .„. ^ o'^'* "° '^- '■ ^ 

^ vflide^^ excess ^^ tk ^ ***^^ " ®**^y ^""^ 
.^ loi'g^ftced V)y ''^^jjig to tK^ ^^^*^^c acid with the 

tAvti^^^^ *^^^ t<> ^^^e estimation of iodic 

it is <"^y ^,^ oi a- * , * Jl-r^^^^» to acidify —best with 
Slod^te ax^ *^n^^-^ "? ^*=^^ tlxe iodi^thus set free 
^ute s^P^'^o^V^^' ^^^ of the iodine found being 

^ted to t\x^ ^^^^ tccetitly \>y Xtieglerf that this reaction 
It b»B V>e^^ \eA to ^ ^^^»^*it«ttive estimation of iodides, 
j^j^y be als<> *^^ ^^tv tlie aAaitAon of a known excess of 
the iodii^® «^^ ^^^e solxxtioxx \>eing removed by petroleum 
iodic aoid to J- ^ vodic acid, titrated directiy with sodium 

ether, a*^^ 



^ostdp^^' ^vestig*^^^ ^wa-s undertaken to define more 
rj^e ptesen ^^^ ^^ applicability of the reaction and to 

pattic^^*^^ ««iblei ^ direct method for the quantitative esti- 
ft«vsA>V^^^ . jTA^a AeT)et^dent upon the action of iodic acid or 



eatft^*^*'"'^^ • J\'Aeft dep^BaeiiT* upon tne acuon oi loaic acia or 

^rxxa"^^^ ^ Vi Diese^^® ^^ free sulphuric acid» neutralization 

^j^ Vod*^ ^. w tneai^s of an acid carbonate, and titration of 

oi^^^^?^ Y,y atsenious acid — five-sixths of the iodine 

♦Vye tiefi ^^^^^ cTedited to the iodide to be estimated. It 
to\Uttd beitig 



^t3LS 



ci«; iti 298. t Zeitschr. anal. Chem., xxxr, 305. 
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has been found that by fulfilling certain necessary conditions, 
the proposed method is entirely successful, so far as concerns 
the estimation of iodine in iodide solutions free from large 
amounts of chlorides or bromides. 

In a system containing a considerable quantity of free 
iodine wiUi variable amounts of the other reagents mentioned, 
as well as possible impurities, it is conceivable that secondary 
reactions may occur, depending largely on conditions of mass, 
time, and temperature, and of a sort likely to alter the amount 
of recoverable iodine, or to exert an excessive oxidizing influ- 
ence on the arsenious acid finally titrated. It has been estab- 
lished by Schonbein, Lunge and Schloch, and others, that 
iodine forms compounds with the alkalies of the type R-O-I, 
and Phelps* has recently found that the formation of some 
such compound, accompanying the iodate naturally expected, 
is distinctly recognizable when iodine and barium hydroxide 
interact at ordinary temperatures. It has been shown, also, 
in a former paper from this laboratory! that free iodine or an 
iodide interacts very easily with iodic acid in the presence of 
dilute hydrochloric acid with the formation of iodine mono- 
chloride, according to the equations: 

HlOa -h 21, + 5HC1 = 3H.0 -h 6IC1. 

HIOs + 2KI + 5HC1 = 3H,0 + 2KC1 + 3IC1. 

Moreover, organic compounds containing the groups —1 = 

and — I ~ ^, in which iodine seems to be analogous to nitrogen, 

result in great variety from the oxidation of halogen sub- 
stitution products. It would, seem, therefore, that the 
formation of inorganic reduction products of iodic acid under 
the conditions likely to obtain in this analytical process might 
be by no means beyond the bounds of possibility. 

A few simple qualitative tests to determine the possibility 
of interaction between small quantities of iodine and iodic 
acid alone met with negative results. Thus, a single drop 
of a decinoimal solution of iodine, made as usual in potassium 

* Am. Jour. Sci., ii, 70. Volume I, p. 370. 

t Boberts, Am. Jour. ScL, zlyiii, 157. Volume I, p. 267. 
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io^c acid a 

obtained 

^H in which 

an. aqueovis 

lO cm* of a 

^^^ 10 cm' of 

■Ta.<itive color to 

^i iodine in the 



^^*> 









eiice oi 



i^wiiijic a^'^^^A iodide, ^ 



id, i^'' 



*^ te^^^^^ tix^ ^^t» ot these materials. 
^^^ ^-r^.tioa ot a. ^^^^^^"t^ility of perceptible 

^S^ Banovmt of iodine. 

^^^^ probably of hydro- 

^^*^y^g amounts of iodic 

^^ ^^action of the alkaline 

^\(U *-^ « cuch ^^^aI^T *t*^^ ^^^\>tLBS8 complex, more or 

2^^-*^ -CS^^^^^^^"" proportions'and dilution. 
^ revei8*le, J^^ tot<<»f/^^oxi8 is towd the reduction 
^e tendency o ^^ ^^^^ ^ ana tJK^ loTmation of the chloride 
of tbe tnolec^« ^ l^^a, ft^ias Roberta • demonstmted 

jbat a 80^^**°r . otv voAic acxd, a^ta upon a mixture of iodic 
ia without ett ^ ^^ Vodino oxr an iodide to form iodine 
^id ^tii e^ ^^ ao^ou oi tkie acid carbonate upon the 
xBonocbloTia^^ ^^ \jtoTiad® may produce a salt of the oxy-acids 

and fee® ^"^ al effectSi ^m^^®* ^® conditions of analysis, of the 

'pae P'*'^ iodi»®' io^c acid and the halogen acids in 

Y^Dj^o'D- ■* i»>Vvxiiic ac^d, and of reactions which may occur 

nxes^txc® **^ ^ Yjy jn acid carbonate, were studied in detail 

^ ft tsofl"*: . ^ g^riments of Table I were made to bring 
,j(Yjg pieWiQ^"* ^^^.jjjj^jjjing with the acid carbonate and 

oat ^* f^ vi^TftHtiff ^tih an alkaline arsenite a solution 
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TABLB L 

Efisot of thb Cabbonatb. 

[6 cm' H,S04 (1:8). Total Tolume of liquid, 260 cm>.] 



! 



'!> 

(8) 
4) 
6) 

(«) 

(7) 

8) 

9) 

(10) 

"J 

(12) 

18) 

14) 



I(inKI)«idt«i. 



! 



0.0713 
0.0716 
0.0718 
0.0710 
0.0723 
0.0713 
0.0718 
0.8566 
0.3568 
0.8667 
0.3596 
0.3565 
0.8672 
0.3667 



KHCOtin 



I found. 



om* 


({fill. 


Very small. 


0.0707 


Very small. 


0.0710 


10 


0.0710 


10 


0.0706 


10 


0.0717 


20 


0.0709 


20 


0.0709 


Very smaU. 


0.3660 


Very smaU. 


0.8661 


10 


0.8563 


10 


0.8588 


10 


0.3566 


20 


0.8660 


20 


0.3669 



gnn. 
0.0006- 
0.0006- 
0.0008- 
0.0004- 
0.0006- 

O.000ir 
0.0004^ 

0.0006- 

0.0007- 

0.0004- 

0.0008- 

0.0000 

0.0012- 

0.0002+ 



containing sulphuric acid and a considerable amount of free 
iodine. The danger of mechanical loss of iodine during the 
effervescence accompanying neutralization, as well as by 
spontaneous volatilization from the surface during the process 
of titration, was minimized by effecting the neutralization in 
the trapped Drexel washing-bottle to be described later, and 
making the titration in the same tall washing cylinder without 
transfer. To varying amounts of a recently standardized 
decinormal solution of iodine were added successively 5 cm^ 
of dilute sulphuric acid and varying amounts of potassium 
bicarbonate in excess of that necessary to neutralize the free 
acid, decinormal arsenious acid in slight excess of the iodine, 
6 cm^ of starch emulsion, and decinormal iodine to colo^tion, 
the total volume of the liquid being not greater than 250 cm*. 
The results show plainly that while the loss, mechanical or 
otherwise, in the treatment of reasonably large amounts of 
fairly concentrated iodine is perceptible, it is still well within 
permissible limits (amounting to a little less than 0.0005 grm. 
in the mean), and obviously independent of the excess of the 
carbonate in the solution, and of the amount of free iodine 
present. 
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TABLE n. 
EFnoT or DiLunOK. 



IApfcoiliuM I Volmna I 



In the experimente of Table II the proposed process of 
analysis was tested upon potassinm iodide taken by itself in 
vafying amounts of a ^ normal solution and _ 
carefnUy standardized by the method formerly 
elaborated in this laboratory.* The apparatus 
employed was a Diexel washing-bottle of 500 
cm* or 1000 cm' capacity, according to require- 
ments, with stop-cock and thistle-tube fused to 
the inlet tube and a Will and Varrentrapp 
absorption trap sealed to the outlet, as shown 
in die accompanying figure. The iodide for the 
test was drawn from a burette into the bottle 
and carefully washed down, and potassium 
iodate in excess of the amount theoretically necessary (namely, 

" Oooch and Browning, Am. Jonr. Bci., zxzix, 188. Tolnme I, p. 1. 
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6 cm' of a 0.6 per cent solution for every portion of 20 cm' 
of the iodide solution), was added and the volume of the 
Uquid was adjusted to the volume at which it was desired 
that the iodic and hydriodic acids should react. The stop- 
per with the thistie-tube and trap was now placed on the 
bottle and the trap was half filled by means of a pipette 
with a 5 per cent solution of potassium iodide. Five cen- 
timeters of dilute (1 : 8) sulphuric acid were added through 
the tiiistie-tube and washed down ; tiie stop^^ock was closed, 
.and the solution gentiy agitated, if necessary, to insure a 
'Complete separation of iodine. Potassium bicarbonate in 
saturated solution to an amount about 10 cm* in excess of 
that required to neutralize 5 cm' of dilute (1 : 8) sulphuric 
acid, was poured into the thistie-tube, and allowed to flow 
into the bottle slowly enough to avoid a too violent evolution 
of gas. The stop-cock was closed and the solution agitated 
by giving to the boUle a rotary motion, at the same time 
keeping the bottom pressed down upon the work-table, to 
prevent a possible splashing of the iodide out of the trap into 
the yet acid solution. When the neutralization of the solution 
had been completed, the bottie was shaken until the last trace 
of violet vapor was absorbed in the Uquid. The greater part 
of the solution in the trap was then run back into the bottie, 
the stopper removed, and the tube and trap carefully washed, 
the washings being added to the bulk of the solution. Deci- 
normal arsenious acid was introduced from a burette to the 
bleaching point, 5 cm' of starch emulsion were added, and the 
solution was titrated back with decinormal iodine (usually 
only a few drops) to coloration. 

Blank tests made upon a solution obtained by mixing the 
maximum amount of the iodate with 5 cm' of dilute sulphuric 
acid (1 : 8), neutralizing as usual with potassium bicarbonate, 
adding the iodide from the trap and 5 cm' of starch emulsion, 
showed that a single drop of iodine was invariably sufficient 
to bring out the starch blue. Occasionally it was found that 
the mixture, particularly when chlorides or bromides were 
present, of itself developed a trace of color, but by no means 
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a reading tint. A correction of the one drop of iodine 
necessary to bring out the color reaction in the blanks, was 
applied nniformly in l^e analytical process. 

The number of centimeters of decinormal arsenious acid 
required to bleach the free iodine, multiplied by 0.01383 
(log. S.140822) gives the number of grams of potassium 
iodide taken for analysis, being equivalent to five-sixths of 
the iodine liberated in the solution. 

From these results it appears that the degree of dilution 
of the solution at the time when the mixed iodide and iodate 
are acidified has an important influence on the completeness 
of the reaction. Thus, the mean error of the determinations 
in which the volume at the time of the reaction did not 
exceed 150 cm^ was practically nothing, while the errors at 
volumes of 800 cm* and 600 cm* amounted to 0.0016 grm. and 
0.0028 grm. respectively. It is obvious that the doubling 
of the amount of sulphuric acid used in acidifying does not 
increase the amount of iodine liberated at the highest dilution. 
The plain inference is that the interaction between the iodide 
and iodate should be brought about in a volume of liquid 
not much exceeding 150 cm*. 

In the following series of experiments, recorded in Table 
lU, the effect of the introduction of a chloride or bromide 



TABLE HL 
Effect of Chix>kidb ahd Bromide. 



fcp^ 


KI taken. 


KI found. 


XiTor. 




KBr taken. 




pm. 


gnn. 


({fin. 


gnn. 


gnn. 


(2) 


0.0772 


0.0705 


0.0023+ 


0.2 




0.0772 


0.0784 


0.0012+ 


0.2 




(8) 


0.0771 


0.0828 


0.0052+ 


0.5 




4 


0.0778 


0.0819 


0.0046+ 


0.5 




(fi) 


0.1644 


0.1588 


0.0044+ 


0.5 




6) 


0.1544 


0.1590 


0.0046+ 


0.5 




(7 


0.0772 


0.0802 


0.0080+ 




6.2 


(8) 


0.0778 


0.0858 


O-OOSOf 




0.2 


(d 


0.0772 


0.0878 


0.0101+ 




0.5 


(10 


0.0772 


0.0861 


0.0089+ 




0.5 


l3 


0.1544 


0.1646 


0.0102+ 




0.5 


12^ 


0.1548 


0.1626 


0.0088+ 




0.5 
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into the iodide (before the iodate is added) was studied. The 
volume of the liquid at the time of acidifying was fixed at 
150 cm^ approximately, and 5 cm^ of the dilute sulphuric acid 
(1 : 8) were used. The mode of procedure was otherwise 
similar to that of the foregoing series. 

The influence of sodium chloride and potassium bromide 
in increasing the amount of iodine liberated is plain. The 
increase comes without doubt from the iodate, and is doubt- 
less due to the formation of iodine chloride or bromide, during 
the acidifying, by the interaction of the free iodine, the iodic 
acid, and the hydrochloric or hydrobromic acid, according to 
the reactions previously discussed. It is plain, therefore, 
that the value of the process in the determination of iodine 
in an iodide is restricted of necessity to those cases in which 
it is known that chlorides or bromides are not present to 

TABLE IV. 

AlfALTSIS OF PCSB POTASSIUM lODIDB. 



Bzp. 




KI found. 


Error. 




gnn. 


gnn. 


gnn. 


(1) 


0.0814 


0.0616 


0.0002+ 


(2) 


0.0814 


0.0613 


0.0001- 


(3) 


0.0814 


0.0806 


0.0009+ 


(4) 


0.0816 


0.0809 


0.000ft- 


(6) 


0.0814 


0.0808 


0.0006- 


(6) 


0.0814 


0.0806 


0.0008- 


(7 


0.0814 


0.0812 


0.0002- 


(8) 


0.1628 


0.1624 


0.0004- 


(») 


0.1628 


0.1617 


0.0011- 


(10) 


0.1628 


0.1621 


0.0007- 


(11) 


0.1628 


0.1619 


0.0009- 


(12) 


0.1628 


0.1624 


0.0004- 


(18) 


0.1628 


0.1621 


0.0007- 


(M) 


0.1628 


0.1626 


0.0002- 


(15) 


0.2442 


0.2461 


0.000^ 


(16) 


0.2442 


0.2442 


0.0000 


(17) 


0.2442 


0.2430 


0.0003- 


m\ 


0.8266 


0.3268 


0.0002+ 


(19 


0.8266 


0.8260 


0.0000 


(20) 


0.8266 


0.3268 


0.0002+ 


(21) 


0.8266 


0.3272 


0.0016+ 


(22) 


0.3266 


0.3266 


0.0000 


(28) 


0.4071 


0.4076 


0.0006+ 


(24) 
26) 


0.4071 


0.4080 


0.0009+ 


0.4071 


0.4073 


0.0002+ 
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THE ACTION OF UREA AND PRIMARY AMINES 

ON MALEIC ANHYDRIDK* 

Bt FREDERICK L. DUNLAP ahd ISAAC K. PHELPS. 

Ik a fonner article,t a method wbs described by one of us 
for obtaining imides by the action of urea on the anhydrides 
of dibasic acids. It was shown that the formation of imides 
by the interaction of urea and anhydrides was to be explained 
by the addition of the urea and the anhydrides to form an 
acid, which when heated, decomposed with the formation of 
the imide, carbon dioxide and ammonia. These reactions can 
be shown by the following equations: 

R" <QQ>0 + NHaCONH, = R" <coOH^°^^"- 

R'' <cOOH^°^^ = ^ <C0>^^ + ^^^ + ^^«• 

In some cases this intermediate product, formed by the 
addition of the reacting substances, was readily isolated, and 
upon heating to certain temperatures, it was found that this 
addition-product decomposed with the formation of the imide. 

It was found, in particular, that maleic anhydride fonned 
an addition-product with urea, and we hoped to obtain the 
unknown imide of maleic acid by the decomposition of this 
addition-product. 

MaleUric Acid. — When equal molecules of maleic anhydride 
and urea are heated to 100^-105^ C. in an oil-bath, the mixture 
melts, and if this temperature is maintained for a short time, 

* Prom Am. Chem. Jour., zix, 492. 

t Am. Chem. Jour., ZTiii, 332. Volume 1, 866. 
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^^^3^ i. tjie fdtt heat of a Bunsen burner, a vigorous 
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cTjeto^^ • Loc. dt 
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product was also obtained on difltilling the malearic acid. In 
both cases a large amount of carbonaceous residue remained 
in the boiUng-flask. 

Although the method of formation of this compound is 
exactly parallel to that employed in the preparation of 
succinimide,* yet the identity of this product cannot be 
regarded as established until sufficient quantities of it have 
been prepared to subject it to elementaiy analysis. 

The Action of Primary Amines on Malelc Anhydride* 

Anschiitzf in 1889 pubUshed a method by which anilic acids 
could be very easily prepared by dissolving molecular quantities 
of aniline and the anhydride of dibasic acids in dry chloroform, 
when after standing for a short time the anilic acid crystallized 
out. Following out this line and method of formation, 
suggested by Anschiitz's work, some derivatives of maleic 
acid have been prepared and studied. 

jhTolylmaleUmic Add. — Molecular proportions of maleic 
anhydride and j[>-toluidine were dissolved in dry chloroform, 
and upon mixing these two solutions, there immediately 
separated out a light yellow precipitate. After standing for a 
time to insure the complete precipitation of the product, it 
was filtered off and purified by crystallization &om alcohol, 
from which it separated in lemon-yellow needles. The pure 
product melted at 201°, with evolution of gas. It is readily 
soluble in ether, acetone, and hot alcohol, but insoluble in 
benzene, ligroln, carbon disulphide, chloroform and water. 
Upon analysis the following results were obtained : 

0.2072 gram substance gave 0.4881 gram GO,, and 0.1068 
gram H^O. 



Calonlftted f or 
C„H„0,N. 



Found. 



C 64.39 6424 

H 6.37 5.73 

* Loc. cit. t Ber. Dtach. chem. Ges., zz, 8214 
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- i^^atni^J — " ^^®^ molecular quantities of 

^-^^^ ^Z^ aixA maleic anhydride were mixed in dry 

p-tiap^^Y^^^^^^Q^v they reacted and united as readily as did 

ebloToio^ ^^^^68 and tlie anhydride. Almost immediately 

^e^^ ^^g^^iine precipitate separated out. This, after 

^ -ye^o^ ^^ ^ijxie, :wa8 filtered off and crystallized from 

^j^0Xi^i ^ aepatated from alcohol in small bright yellow 

^colxo^' ^\ien pnre, melted at 200'' with evolution of 

-ueeBte®'^. \ri\)\e ii^ acetone and alcohol, but insoluble in 

&^ ^W\ disolpbide, chloroform, benzene, ligroln, and 

eti^exi ^^ J^yg\g gave the following results : 
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0.2033 gram aubstaDce gave 0.6226 gram GO, and 0.0918 
gram H|0. 

C 69.71 7011 

H 4.56 6.18 

Tliis addition-prodact is obviously formed aa follows: 

H-C-CO. H-C-CONHC,oH, 

II )0 + C,oH,NH,= II 

H-C-CO'^ H-C-COOH 

o-Naphthylamine appears also to be added readily to 
maleic anhydride, but the product has not been submitted 
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\9 V^^f^ydio^ .® c^OTid© ir**" "^^ hydrochlorio acid 
3cid "^^gtiie fe^® «iitirely soluble in that 

loedi'^" . to ^ ^®^r t>x.^ ^^ **^^ paper is an extension 

'^ IZ^ tt) «°^^!Z.v^^^^^on of aluminnm from 

of *^ ^"^ ^e 8^^^^ ^^t«rmination of tiie beryllium 

bery^^: „ ^ ^e o^*® ®**»^ ^oxiveraion to the nitrate and 

'•^"^^^'y ™m«iQ cbVoti*® soVuUoxx was prepared by dissolving 

,j^e »™^ ^ aiojxaamtt chloride of commeroe in as UtUe 

the »*^ V^ib\e, Ytecipite.\aiig qj^^ washing free from iron 

wat«i^ aa P^ ^,^^Jodii^o'^** acid, dissolving the chloride thus 

^^ BW)»g ^^^^^ piecipitatiiig the hydroxide by ammonia, 

obtaa^oed i» ^^ipitate free from all alkalies, and redissolving 

•^a&l^S Vv^ttocUoiic a«^. From this solution, after cool- 

Vt ^ . bYdiooWo^*^ acid precipitated the pure hydious 

V^S' ^T^ TluB pWpMed chloride was dissolved in water 

jj^otii®* gtandardized by precipitating with ammonia 

^^ i3ae 80 ^^ weighed portions and weighing as the 

^® \xj4^ Bolotion of beryllium used was made by dis- 

^ ^ Am JoTir. 8ci., W. HI- 
* h^»d HaTenB, Am. Joiir. Sci., ii. 416. Thi» yolume, p. 20. 
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■^ <f 4^ tnay ^i^«»ttioxx ^^^ ^t^rate from lie 

>^^<^>^^.^^^r**'' ^^^ X^ ^*?^o^ after nearly 

V ^ <^¥OtaUoTV ^^et»^^ ot ^ ^^ tound, however. 
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« ^e V>®^ ®*^"Vi.tioii -were evaporated just to 

f- ft TadJ»*°*'J*'^ oeiixg taken not to heat to the 

dxfos^ f- ^^ oi ^'^^ o®^TrlU\un chloride, a few drops of 

volftta^*^^^ ^^^ x?eTO aaaed, the Uquid was evaporated, 

strong ^ vj^e \vea^ — a* first gently, to break up the 

*^^ tJae te ^^ finaUy otx the blast. It was found that 

^trate » J^^ ^1 ^e berylliuin to the nitrate can be carried 

tS»» p*'^^^^xB» -wi*^**^* attacking that metal appreciably, 

oB. ^ y ^ ^je taken to Temove thoroughly all excess of 

-jjo"vi*^ . 1^ V)e{oTe th.e nitric acid is added to the dry 



aiue- (IV^-^^' ^"^ given the resulte of experimente 
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f otmfi* ^y Precipitation as the hydrous chloride 
.0a.Tie4-|" ^g oxide after igniting with mercuric oxide : 

gjttd^*^"^ ^g conversion of the chloride, through the 
tije latter oy ^ 
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nitrate, into the oxide. In experiment {[10) (made to get a 
comparison of the methods) the beiyllium was recovered 
by precipitating the hydroxide with ammonia from the par- 
tially evaporated solution of the chloride after removing the 
aluminum. 

In esperimente (1) to (6), inclusive, the aluminum was 
determined exactly as previously described ; in (6) and (T) 
the solutions (being originally larger) were concentrated 
by evaporation previous to tiie addition of the etiier and 
hydrochloric acid mixture. In experiments (8), (9) and 
(10), the treatment waa varied advantageously by saturating 
the aqueous solution directly with hydrochloric acid gas 
before 'adding an equal volume of ether, and completing the 
saturation. 

TABLE IIL 





Htlia 








BaOUJnn 






RI^ 


ilfi. 


Kmr. 


FI»] 

nluu. 


iaulDtlim 
mUu 


,S. 


bcor. 












ebiorlOM. 








gio. 


gno. 


pm. 


aB> 


gnn. 


(tin. 


pm. 


(1) 


0.1060 


0.1068 


0.0001- 


12 


0.01S8 


ao204 


0.0006+ 


(2) 


0.1068 


0.1044 


0.0009- 


12 


0.01M 


0.0196 


0.0002+ 


(8) 


0.1066 


0.1060 


0.0006- 


12 


0.0197 


0.0206 


0.0008+ 


[*f 


0.1068 


0.1060 


0.0008- 


12 


0.0199 


0.0207 


0.0008+ 


(5) 


0.1049 


0.1047 


0.0002- 


12 


0.0198 


0.0208 


0.001(M- 


(fl) 


0.1060 


0.1067 


O.0OO3- 


12 


0.0977 


0.0069 


OJXKM- 


(7) 


0.1064 


0,1063 


0.0001- 


12 


0.1086 


0.10B4 


0.0001- 


(8) 


0,1048 


0.1088 


0.0008- 


80 


0.1083 


0.1087 


0,0004+ 


m 


0.1061 


0.1048 


0.0003- 


30 


0.1071 


0.1078 


0.0007+ 


m 


0.1076 


0.1076 


0.0001- 


30 


0.1086 


0.1091 


0.000fr+ 



These results are plainly very good. 

The manipulation of the process is not difficult The 
gaseous hydrochloric acid is most conveniently produced by 
the well known method of treating with strong sulphuric 
acid in regulated current a mixture of strong aqueous 
hydrochloric acid and common salt. A platinum dish hung 
in an inverted bell-jar, provided with inlet and outlet tubes 
through which the current of water for cooling is passed, 
makes the best container for the solution to be saturated 
wit^ the gas. It is advantageous to arrange the filtration 
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IX 

THE TITRATION OF SODIUM THIOSULPHATE 
BY IODIC ACID. 

Bt CI^UDE f. waleeb.* 

This investigatioD was undertaken to determine the nature 
and limitationB of the reaction between iodic acid and thioBul- 
phurio acid, and to show the expediency of employing iodic 
acid in standard solution for the direct titration of sodium 
thiosulphate. Rieglerf states that iodic acid is readily ob- 
t>uned in the pure state, that it may be accurately weighed 
out, and that a solution of it may be exactly made up to a 
desired strength and kept for a long time unaltered. He 
further states that when a solution of sodium thioBulphat« is 
titrated with iodic acid the reaction takes place according to 
the equation, 

6IfaA0, + 6HI0, = 3Na,S A + 5NalO, + Nal + SH,0, 
ler which circumstances no free iodine will be evolved 
il all the sodium thiosulphate has been oxidized to tetra- 
)nate ; the first drop of iodic acid in excess, however, will 
it with the sodium iodide that has been formed, and sepa- 
9 iodine, aa shown by the equation, 

SNal + 6HI0, = 5NaI0, + 3H,0 + 31, 
a furnishing an accurate means for determining the end 
at 

I careful repetition of the work of Riegler has shown that 
conclusions are in a lai^ measure erroneous. Thus, it 
been found that the ordinaiy " chemically pure " iodic 
I, purchased from reliable manufacturers, is likely to con- 

■ From the Amer. Joor. Sd, It, 236. 

t Biegler, ZeiUcbr. uiaL Chem., xxxr, 308. 
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tain more than the theoretical amount of iodine, due probably 
to the presence of the anhydride, although iodic acid can be 
safely employed for standardizing when it is made in the 
laboratory by dissolving the purified anhydride, ciystaUizing 
out the acid, and drying over sulphuric acid. Such a care- 
fully prepared product, if used immediately, will be found to 
contain the theoretical amount of iodine. Riegler's proposed 
method of titration depends on two different reactions, and to 
insure the accuracy of the process these must be definite, com- 
plete and non-reversible under the conditions of analysis. 
Thus one molecule out of every six of iodic acid should be 
reduced by six molecules of thiosulphate, with the formation 
of a neutral mixture of iodide and iodate, free from other 
oxidizing or reducing substances. Under these circumstances 
it might be expected that iodine will be liberated by the first 
trace of iodic acid in excess. It has been found by investiga- 
tion, however, that although the main reaction between iodic 
acid and sodium thiosulphate may result in the formation of 
sodium tetrathionate in the proportions given, there is never- 
theless striking evidence of some other obscure action of the 
thiosulphate, which influences the reduction of the iodic acid 
in such a way as to make it impossible to calculate the analy- 
ses according to Riegler's reaction. Moreover, a peculiar 
** afte]>coloration " which invariably follows the first formation 
of the starch blue during the titration of one solution against 
the other, seems to point to the possibility that the reaction 
between the iodide and iodic acid is dependent, under these 
circumstances, on conditions of time and mass for its com- 
pleteness. It is not impossible that some third compound of 
iodine unstable in its nature, may be formed as an interme- 
diate product and thus delay the liberation of iodine. In con- 
sideration of the results that have been obtained it appears 
that Riegler's proposed process for standardizing sodium thio- 
sulphate, as well as his related method for the analysis of 
iodides,^ must remain impracticable unless they can be modi- 
fied so as to do away with a number of sources of error. 

* Riegler, Zeitochr. anal. Chem., zxxr, 906. 
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The analyses of solutions of iodic acid, during the entire 
course of the work, was invariably performed by adding to 
the portion of the solution to be analyzed an excess of potas- 
sium iodide, acidifying with 5 cm* of dilute (1 : 8) sulphuric 
acid, and recovering the liberated iodine by directly titrating 
the acid solution with sodium thiosulphate, or by neutralizing 
with potEkssium bicarbonate ii^ excess, and directly titrating 
the alkaline solution with arsenious acid. In the latter case 
the neutralization was performed in a trapped Drexel wash- 
ing bottle such as has been described in connection with the 
analysis of iodides.* In either case onensixth of the iodine 
recovered was calculated to iodic acid, according to the terms 
of the equation, 

5HI + HIO, = 31, + 3H,0. 

It foUows from these proportions that to bring the analyses 
within the range of the decinormal solutions ordinarily 
employed, the iodic acid taken for analysis must be restricted 
to comparatively small amounts. In the present work it was 
found convenient to analyze the iodic acid in quantities not 
much exceeding one-tenth of a gram, in which case the varia- 
tion in the results in the same series is found to be ahnost inap- 
preciable. In both variations of the process one or two blank 
analyses were invariably made, by performing the operation as 
detailed, except that no iodic acid was employed, and the cor- 
rection of one drop of iodine thereby shown to be necessary to 
bring out the starch blue was uniformly applied in the ana- 
lytical work. 

To determine whether or not the purity of the ordinary 
iodic acid is sufficient to admit of its direct application in 
standard solutions, a series of experiments was made. Two 
different samples of " chemically pure " iodic acid were used. 
The first was in coarse granular crystals, and the second was 
in the form of fine powder. Quantities of both of these 
were dried in a desiccator over sulphuric acid to constant 
[ weight. Neither sample lost weight appreciably when left 

« Grooch and Walker, Am. Jour. Set ill, 293. This rolame, p. 83. 
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le mass wiys 

rf ulal acid. Twopree^^Uy ^^^s.oZlZlll^ 
^ of dxe fi^t tv.0 samples, and one auch solution of the 
third sample of iodic acid vrexe nuide by weighing out - — 
gn^and dissolving in exactly one Uter of water at 
Convenient portions of eaclx of these solutions were ou^y^^ 
in the manner described, vnth lesults shown in the foUowing 
table, averaged from many determinations. 

TABLE L 
ka*.vtsn or A rrnoxiuAnvT ^ Iodic Aoid. 



mOatakm. 




gmu 
0.1056 
0.1066 
0.1065 
0.1065 
0.1066 



HlOttoimd. 



gnn. 
0.1066 
0.1062 
0.1065 
0.1078 
0.1068 



Inor. 



gnn. 
0.0011+ 
0.0007 f 
0.0010+ 
0.0018+ 
0.0002- 



These results show that while the deviation from the 
theoretical strength of the solution in the case of the acid 
prepared from the anhydride is hardly appreciable, and will 
not affect the accuracy of any work in which the solution 
may be applied as a means of standardization, the solutions 
made from the purchased product, on the other hand, contain 
a very appreciable amount of iodine in excess of the theoretical. 
That iodic acid is somewhat unstable at 80-40° C, gradually 
losing water with the formation of the anhydride,* is well 
known, and it is quite possible that to some such gradual 
change as this must be attributed the fact that the ordinary 
iodic acid cannot be safely employed as a means of standard- 
ization unless its purity be directiy determined by analysis. 

* Dammer, Anorg. Chem., i, 664. 
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deficiency in the amount of iodic acid actually required to 
produce the blue color was not lessened by introducing only 
three-fourths of the theoretical amount of iodic acid, and 
estimating the residual thiosulphate with iodine. It was 
found, however, that the addition of a considerable quantity 
of potassium iodide to the solution, either before or during 
the titration, had the marked effect of making the reaction 
sharp and distinct, entirely preventing the *^ after separation " 
of iodine, at the same time postponing the appearance of the 
starch blue imtil a quantity of iodic acid had been added 
considerably in excess of the theoreticaL These experiments 
were repeated with entirely different reagents, and under 
varied conditions of concentration, the results in eveiy case 
exactly confirming those already observed. 

For the purpose of more particularly investigating this 
subject, there were prepared and standardized an approxi- 
mately decinormal solution of sodiimi thiosulphate, and an 
approximately one-fiftieth normal solution of iodic acid. 
Measured portions of the sodium thiosulphate solution were 
titrated with the iodic acid in the presence of starch emulsion 
under varying conditions of mass, time and dilution. 

To determine the variability of the end-point of the reaction 
when the titration was conducted as directed by Riegler, a 
series of experiments was made. Measured amounts of the 
sodium thiosulphate solution were drawn from a burette into 
an Erlenmeyer beaker of suitable capacity, the sides of the 
beaker were carefully washed down with a small amount of 
water, 5 cm^ of starch emulsion were added, and the iodic acid 
was slowly dropped into the small bulk of acid and starch, 
with constant agitation of the mixture, until the first tint of 
blue coloration appeared. The results obtained are given in 

Table III. 

These experiments indicate that the constancy of the end 
reaction in different titrations of equal volumes of the same 
solution depends to a certain degree on the volume of sodiimi 
thiosulphate taken. The results in the case of the maximum 
amounts vary within a range of 1.04 cm^ which corresponds 
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TABLE m. 

Va&lltion of ths Ekd Rbaction bxtwsbn ^ Sodium Thiobulfhatb 
AND ^ Iodic Acid, in thb absbncb of Fotasbiux Iodidb. 



Sep. 


^tasf- 


HTO, 
Introdueed. 


Mmd 
▼ahia. 


Yaritttlon. 




om* 


CIB" 


«1W> 


em< 


(1) 


6 


28.18^ 








ro.i9- 


2 


6 


27.79 








0.63- 


8 


6 


28.08 








0.29- 


V) 


6 


28.32 




28.82 




0.00 


\^) 


6 


28.S2 




« 


0.00 


(6) 


6 


28.71 








0.39+ 


(7) 


6 


28.83 








0.61-h 


(8) 


6 


28.48 








,0.11+ 


(9) 


4 


18.94 




■ 




0.26+ 


(10) 
(11) 


4 
4 


18.67 
18.60 


* 


18.68 


• 


0.01- 
0.18- 


(12) 


4 


18.60 




1 


0.08- 



to 0.0085 gnn. of iodic acid, while the average variatioii is 
0.25 cm*, corresponding to 0.0009 gnn. The variation in the 
analyses of the smaller amounts is less, the range being 0.44 
cm', corresponding to 0.0015 grm., and the average variation 
being 0.13 cm', or 0.0005 grm. The probable error which 
these irregularities would introduce in any series of practical 
analyses by this method is obviously greater than can ordinarily 
be permitted in iodometric work. 



TABLE IV. 
Variation of thb End Rbaction bbtwbbn ^ Sodium Thiosulpratb 



AND ^ Iodic Acid, 


AW 

IN THB PrBSENCB OF POTABSIUM lODIDB. 


Kzp. 


N«AO, 


mog 

Introdncod* 


Mmd 

value. 






cm' 


om* 


cm* 


cm* 1 


(1) 


6 


82.681 








ro.o6+ 


(2) 


6 


82.46 








0.08- 


(3) 


6 


82.67 




82.48 




0.19+ 


(4) 


6 


82.87 






0.11- 


(5) 


6 


82.36 








0.12- 


(0) 


6 


82.60 








0.02+ 


(7) 
(0) 


4 


22.80 






f0.11+ 


4 
4 


21.08 
22.17 


h 


22.10 


0.21- 
' 0.02- 


(10) 


4 


22.80 J 






10.11+ 



BY IODIC ^o^j> 

e«c% amilariy to itoM of tbe l^^^ ^\^ ^^" performed 
graJof potaflsiinn iodide weie acL^ea ^^ ^^"7^ ^* T 
phate tef oie the titration was coia^^^^^ «^« ^^"^ *l"««^- 
These experimenta indicate plaiixly ^1 . ,. , 

poteasium iodide tiie end x^actioxx of ^1"" f.CT"* 1 
^iml volumes of tiie same Bolxxtioxx ^ J^T^^^ *?T°°^ 1 
of tie amount taken for analysis. Tl.« ^^ mdependent 
xv _/>,,Tt+ja TTo^i^, • ^ *^^ results in the ease of 

the zMtximum amounts vary ^w^xtilxit^ «, _ * a qi a 

/I /!/»-# - ^ • j:/* a«;/i ^«,v.-n -Jjoi ft range of 0.81 cm', or 

ft^Oi^l g™- "^^:^%r1j ^a o^ ^^ ^>-erag; variation is 0.09 

em, eorrespondmg to O.OOOa g,^^ Thf variation in the 

analyses of tie BmaUer a^omvts xb pxa^ticaUy the same as that 

of ttr^e larger, the range being 0,^2 exxx^, corresponding to 0.0011 

gim^ ^, and the average ™atxoxx \>exxxg 0.11 cmS, or 0.0004 grm. 

It i^ therefore evident that the pxesexice of potassium iodide in 

the sodium thiosulphate to be titMLted wiU bring the variation 

of ^e formation of the readiixg tixxt vdthin permissible lunits. 

series of experiments was nxade to determine the nature 

effect of the " after colora.tiion" observed to take place 

whz^^en a solution of sodimn: tlxios\iIphate, free from potassium 

io^^de, was titrated with icKiic etoid to blue coloration, and then 

\i^^2?ached with sodium tlxiosxilpliate. The titrations were 

^^^triormed in the usiial maxuxex except that the volume was 

^j^justed ]ust before the a^iditdon of the iodic acid, and the 

iCF^^^ tihat was set free af texr tlxe formation of the first reading 

f^^S^i was destroyed at fixed ixxtexvals with measured amounts of 

^3^um thiosulphate. Xlxe xesnlts are given in Table V. 

In the experiments ^wxtlx sxnall volumes the evolution of 

:3iodine in any consideTable qixantity ceased after two or three 

TiouTS, although the solixtioxx >?vould become recolored as often 

as it was bleached for a nuxxxber of days. The traces of iodine 

thus set free, however, ^wexe seldom equivalent to more than 

one or two drops of sodium liiiosulphate. The larger volumes, 

however, continued to separate iodine in abundance for a very 

long tame. The amount of iodine thus liberated after the first 

coloration evidently varies ^th the amount of iodic acid 

required ioT the titration, although not strictly proportional to 
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TABLE V. 
BriscT or Dilution Aim Laps* of Tins os TBI "Aim Colobatiov.' 



■^ lasS" s~ 



it. Both of these quaatitieB increase at a regular rate with the 
volume of the solution. 

To show with what accuracy tlie leactioQ between sodimn 
thiosulphate and iodic acid may be applied to the direct 
eatiinatioii of one of these Bubstances by the other, the 
averaged results of a large number of titrations are compared 
in Table VI. The operations were conducted as directed by 
Riegler, equal measured volumes of standardized sodium 
thiosulphate being titrated with iodic acid of known BtrengUi, 
in the presence of starch and under different conditions of 
time, dilution, and mass, the volume of iodic acid required to 
produced the blue coloration being in each case compared with 
the volume theoretically required by the terms of Kiegler's 
equation. 

These results show plainly that the amount of iodic acid 
required to decompose a given amount of sodium thiosulphate 
may be considerably above or below that required by the tenns 
of Riegler's equation. Thus, with small volumes, and in the 
absence of potassium iodide, the thiosulphate is destroyed and 
the separation of iodine commences when only 93 per cent of 
the theoretical amount of acid has been titiated. At higher 
* So obieFTktIoiL 



if IODIC iciD. 




dilotionfl the action is retarded, so that at 250 cm» veiy nearly 
the theoretical amount of acid is required to produce tte first 
blue color, and at 800 cm' an excess of 21 per cent over the 
theoretical amotmt must be added. If the " after sepani- 
taon " of iodine is consideied to be a meaeuie of the excess of 
iodio acid, and if ita amount is accordingly applied as a 
correction, it appears that for all volumes below 800 cm* the 
original thiosulphate is completely destroyed when about 90 
per cent of the theoretical amount of iodic acid has been added. 
The presence of potassium iodide in the system retards the 
action, so that at small volumes an excess of about 8 per cent 
of iodic acid must be added to completely destroy the thiosul- 
phate and commence t^e separation of iodine. It is obvious 
from the pieceding experiments that the reaction between 
iodic add and sodium thiosulphate is so indefinite in its nature, 
and so dependent for completeness on conditions of time, 
dilution, and mass, that its direct application as a means of 
sta ndardizing solutions must remain impracticable. 

• mo, «aded to ant bloe color. 

t CAlcnlKtad by Bubtnctiag from the amount of iodic acid originallj 
iotrodaced, the TolnniB of thioEiilpbate ot eqo&l ■trength reqalred to bleach 
th« •olDtion alter Btanding twenty hoon. 



THE COMBUSTION OP ORGANIC SUBSTANCES 
IN THE WET WAY. 

Bt L E. FHELF&* 

In a former paper f I have shown that carbon dioxide may 
be estimated iodometiically with a fair degree of accuracy. 
Inasmuch as this method is not dependent upon the rate of 
flow or lapidity of generation of the carbon dioxide, it seemed 
possible that some advantage might follow its application to 
the determination of organic carbon, oxidized by liquid 
reagents. 

Method of Oxidation by Potaanum Permanganate. 
The first experimental test in this direction was made with 
oxalic acid, which was oxidized according to the well-known 
reaction of potassium permanganate in the presence of sulphuric 
acid. The apparatus used was the same as that previously 
described in the iodometric process, referred to above. It 
consisted, in the main, of an evolution flask, and an absorption 
flask, properly connected. As an evolution flask, a wide- 
mouthed flask of about 75 cm' capacity was used. This was 
closed by a doubly perforated rubber stopper, carrying a 
Bepamting funnel for the introduction of hquid into the fiaak 
and a glass tube of O.T cm. internal diameter, which was 
expanded to a small bulb just above the stopper, to carry oS 
the gas. This exit tube was joined by means of a rubber 
connector to a tube which passed through the rubber stopper 
of the absorption flask, which was an ordinary round-bottom 
flask of 250 cm' cf^xicity. This tube ended in a valve of the 

• From Am. Jodt. Sci., It, 3T2. 

t Am. Jonr. ScL, toI. ii, p. TO. Tolome I, p. 860; 
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^^S©!" tube, reaching 
flj^ ^* The second hole 



nearij "" '„gr oi this »»"-'-»"'*v»u nafifc, ^viraa «iiL T 7 
of the stopp^ ^^ connector and aciW^. f V ^^ 

ThebaniJ^ "J ., «e TMs^Yv>^-i 1. o? ^*^® detennmation 

.^Tni tb^ commercial salt into a large bottle which was 

riixed ixi^e maimer deBcribed in my former paper by 

boiling ^^ ^ ®^^®^^ decinormal iodine solution in an 

ether vad^ botUe. Tbe fiSiOTt tube of the glass ground stopper 

of the bottle was sealed to a Will and Varrentiapp absorption 

apparatus, which was charged during the operation with a 

solution of potassium iodide to prevent the loss of elementary 

iodine in the boiling ; the long tube of the bottle was used as 

an inlet tube and was closed externally by a rubber cap during 

the boiling. After cooling, the excess of iodine used was 

determined by titration with decinormal arsenious acid solution 

and the iodine lost calculated on barium hydroxide molecule 

for molecule. 

Potassium permanganate was prepared for use by dissolving 
the commercial salt in water, and boiling tins solution, made 
acid with sulphuric acid, until free from carbon dioxide. 
Water was also prepared free from carbon dioxide by boiling 
distilled water until one-third had been driven off in steam 
and was kept nntU used in full-stoppered flasks. 

For the first determinations of carbon, crystallized ammo- 
nium oxalate was weighed out and introduced into the boiling 
flask with 10-15 cm^ of pure water and the flasks connected 
as described above with an appropriate amount of barium 
hydroxide solution (3-6 cm* in excess of the amount required 
to precipitate the carbon dioxide to be determined) in the 
absorption flask. The whole system was then evacuated 
with the water pump to a pressure of 200-225 mm. and the 
oxalate solution in the boiling flask warmed. An excess of 
potas^um permanganate solution was then run in through 

* Am. Jour. ScL, 1, p. 182. Volume I, p. 807. 
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the funnel tube and the mixture wanned again, when the 
oxidation of the oxalate was shown by the carbon dioxide 
evolved. The carbon dioxide was completely set free hy 
the introduction of 10 cm' of sulphuric acid (1 : 4) and was 
driven completely to the absorption flask by boiling for five 
minutea> During the passage of the gafi into the absorption 
flask, it was shaken frequently and was kept cool by standing 
in a dish of water and by pouring cold water over it from 
time to time. If, durii^ the boiling, any fears are enters 
tained aa to the strength of the vacuum in the flasks, they 
may be easily allayed by opening momentarily the stop-cock 
of tiiB funnel tube and noting the direction of tlie flow of 
water, contained in the funnel. After the boiling was ended, 
the atmospheric pressure was restored by allowing air, purified 
from carbon dioxide by passage through potash bulbs, to 
enter through the funnel tube of the boiling flask. Then 
the flasks were disconnected and th& stopper of the absorp- 
tion flask with its attachments was removed, the valve and 
its tube being carefully washed free from barium hydroxide. 
A second stopper, which was provided with a separating 
funnel, and a Will and Varrentrapp absorption apparatus, 
)nt»inipg water to serve as a trap, was inserted into the 
louth of the absorption flask and the emulsion brought to 
le boiling point Decinormal iodine solution was then run 
1 through the funnel tube in sufficient quantity to destroy 
le larger part: of the excess of barium hydroxide and the 
nulsion brought to the boiling point again, after which iodine 
as agaia nm in but this time to the permanent red color of 
le excess of free iodine. After cooling, this excess of iodine 
as determined by titration with decinormal arsenious acid 
ilution. Thus, the excess of barium hydroxide taken being 
itermined by the iodine lost, the barium hydroxide used, 
3w in the form of carbonate, was known, from which the 
irboa dioxide which precipitated this carbonate, may be 
dculated. 
The following results were obtained by this procedure. 
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^--^SS" ^£^ 



bf 



(7) 



1.000S 
1.0010 



^|^E0D« 



0.7267 

0.7267 

1.46S6 

1.8964 

2.6168 

2.6961 

2.6163 






0.1170 

o.lll^ 

0.2417 
0.17BB 
0.1955 
0.1B80 

0.2037 






0.1665 

0.1679 

0.3110 

0.3131 

0.0213 

0.6189 

0.0192 



0.1661 
0.1674 
0.3108 
0.3131 
0.6211 
0.6102 
0.6197 



0.0004+ 

0.0006+ 

0.000^ 

0.0000i: 

0.0002+ 

0.0008- 

0.0006- 



anunonia 



In experiments (5) and (B^), a few drops of 

were added to the oxalate soluUon before running in the 
permanganate; in (3) and (7^, the permanganate was treated 
to alkalinity with barimn hydroxide ; in the remaining ex- 
periments, (1)» (2)» and (^4^, the permanganate was slightly- 
acid with the stdphnric acid nsed in its purification from 
carbon dioxide, as already described. The results obtained 
are good and it is plsdn that the oxidation proceeded regularly, 
whether the first action of the permanganate was in the 
alkaline or slightly acid solution. 

Jones * has shown that formates may be determined volu- 
metrically by titration with potassium permanganate in 
alkaline solution. In an attempt to determine formates by 
the process outlined above, the pure barium salt was used. 
This was prepared by treating the aqueous solution of formic 
acid with pure barium carbonate to neutrality and crystalliz- 
ing the product. It was proved pure by ignition and weigh- 
ing in the form of carbonate. 

In making determinations of carbon in this formate, weighed 
portions were introduced into the boiling flask, together 
with sodium hydroxide solution, which was taken in such 
quantity as to more than neutralize the acid in the potassium 
permanganate. Naturally, the sodium hydroxide must be 
freed from carbonate — and this was effected by treatment 
with an excess of barium hydroxide and filtering. An excess 
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It was found 
place of the 
because the laatjCM. 
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used and is thus 
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permanganates. X -»^-'o f^ j 
acid U treated iiEK'«=''^^ % '''>^^t 
above in acid soliafc**^-"' *4e Oq • ^ 
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allialine with sodiuo" iJ?' t,'*ey°«i '"'''■. I 
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\Z\ 



(2) 
(3) 

(♦) 
(6) 

(6) 



Tartar 

«iMt&e< 

tikaik 



gnu* 
0.5061 
0.6080 
0.7609 
0.7641 
1.0018 
1.0006 



b«o;Bs 

takan- 



1.2460 

1.2226 

1.7866 

1.7480 

2.8466 

2.2485 



BaOA 
foono. 



CO, 



0.1709 

0.1586 

0.14O1 

0.141O 

0.2187 

0.1106 



o. 



grm. 
0.2761 
0.2739 
O.4091 
0.4107 
0.5466 
0.6460 



BrrorooGO,. 



0.0005^ 
0.0004-h 
0.0008+ 
0.0004+ 
0.0002+ 
0.0001+ 



^« rubk:::^, stopper in the boilmg fla«^, ^^^ ^^^ ^^ ^ , 

Its cont:::^t with the solutioii, does xxoti introduce an appreciable 

Wanr^yn and Cooper* aad ot^ixexs liave noted the fact that 
potess^um permanganate, wtetlxex iix ctcid or alkaline solution, 
wiU n.^c3t oxidize all organic six\>st»rxces (acetates, for example), 
even -^x the boiling temperatixxo. It is well known that a 
mixtiz=»re of concentrated siilplxTiirie and chromic acids hss 
a miL^ch wider field of action in oxidizing organic compoimds 
than the permanganate. "Witlx Hopes of applying this reagent 
moi^^ widely to the determiixa-tion of organic carbon, the 
^^p^^riments about to be xecoixied were tried. 

Method of Oacidcitian hy Chromic Acid. 

p^ concentrated mixtixre of cliromic and sulphuric acids, 

>.-j^ough a much more po^^^exiul oxidizer than potassium 

^j^^j^manganate in aqneous solixtions, fails to oxidize completely 

i^jany organic compounds. Tliiis Cross and Higginf have 

^^:aown that carbohydrates a^xre among the number of such 

-^sanic substances ; and la.1>ex Cross and Bevan find that car- 

V-^ohvdrates and many otldex substances are oxidized to a mix- 

•-;niie oi carbon dioxide and xnonoxide. Messinger J has proved 

-^ihat carbon may be determined in organic compounds by pass- 

^3ig the mixed products, xesnlting from the oxidation with 

chromic and sulphuric acids, tlirough a short combustion tube, 

• PhiL Mag. (5), ^, "^88. t Jour. Chem. Soc, xli, 113. 

t BeT. Dtsch. chem. Qe%., xxiii, 2766. 



a 



68 COMBUSTION OF OUOANIC SUBSTANCES 

filled with granular copper oxide and heated in & furnace — all 
of which facts have been confirmed in mj own experience. 

Lodw^ * has observed that the contact of carbon monoxide 

with a mixture of chromic and sulphuric acids, eepecially 

when hot, results in the oxidation of that gas to carbon dioxide. 

This fact suggested the idea of substituting for the apparatus 

described above a new form, adapted to retain the first products 

of oxidation in prolonged contact with the oxidizing mixture. 

This apparatus, shown in the ac- 

companying figure, by means of 

which, as the sequel shows, it has 

been found possible to extend the 

avulability of the oxidizing mix- 

tuTBt is put t<^ethei as follows: 

A thick'WaUed, round-bottomed 

flask of a liter's capacity, serving 

as an oxidizing chamber, is closed 

by a rubber stopper with two 

perforations, through one of which 

passes the tube of a separating 

funnel of about 100 cm^ capacity. 

The tube of this funnel reaches 

Fio- 19- nearly to the bottom of the flask 

and ie drawn out at the lower end. 

A disc of platinum foil ia hung in the neck of the flask, nearly 

closing it, and held in place by a platinum wire passing 

tiirough the foil and tucked under the rubber stopper where 

the funnel tube enters. The second hole of the stopper is 

filled by the exit tube, a glass tube of 0.7 cm. internal 

diameter. This tube is expanded just above the stopper to 

a small bulb, which serves to prevent mechanical loss of 

the solid contents of the flask during the boiling, and is 

joined by means of a rubber connector (provided with a screw 

pinch-cock) to the inlet tube of the absorption flask, which 

is an ordinary 500 cm' round-bottomed flask. This flask is 

also closed \yy a rubber stopper with two perforations, through 

• Ann. Chem. (Liebig), oLni, 47, 
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jrt.ta.ft.*??* ©^lubricated. ^I>S>e^ ""^'^n^torand 

rt.i,»M,»V^ ^ thick solutioa 

taiod of ge»l« jpd rr^y »lOi^ *_ pump, it m.y 

riution in tbe »«"??, {ot ""^ a a«te,*^« — both flask, 
ti^com»«>A"»« ^«faom the eS^i°f«°n- When 
^ «>». to 8 AetV e'"^"*'^^ aa«l^*2^ t'lte. "« burner 

^ He BMW P»*^„«ei to cool. ^^'^ qmckly doeed. 

Tie flwata«e*°^,^don,tta organic Bvw.^ ■ -uj 
T^™dnBg » io*^ tuVb, so thin tW^^f "■:"^''.f 

|OTter> IB"; goVitt » Aiter the substance U 

i, ia.trod»™g *^^ ot the b^b «, «,^^ 

„_^blo»-pil»«r«itl>»»«"<'^*ot PBiepotassinmdichro- 

t.on fl»k, W"r „^ to be m e^ceBs of that required to 

aBite,-«bli* B »" sttbatmoe. ihe flasks are connected, as 

oxidixe the ot^ ^^ m ".ppiop-riate amount of barium 

,jj^j Jesonbeo, ^ ^j^^, jbsorptioii flask and 10 em' of puis 

Ktldio'* '°^'' , tioti fla*' »''* 'iio Araouum is obtained (as 

t«to*'''°°M boiliog both flasks, the boiling being 

**^I*^ *° k «»««' ™ *° e-»olinion flask has decreased to 

&=^^«tetit^6 ^j^ boIUiig must be so regulated as 

o5 8 «'"''• '^r*e '"^^ material in either flask. The 

^ ot to «^°* ^°^ ri,e t^^ containing the organic substance is 

^oom oWsJueo, t" ^^ j^)j_ and 20 cm> of concentrated 

ttoteu by ^^"^^^onsly purified from organic material by 

tttJpljuiic ^'^ P' . _ point with a few crystals of potassium 

beatiug to the lUnuuB ^jjougb the funnel tube, when leduo- 

ai„toom»tfi,are™»" 
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tion of the chromic acid soon becomes evident. While still 
hot, the acid is shaken in the flask violently, the platinum foil 
hung in the neck serving to protect the rubber stopper. The 
flask is warmed to approximately 105° C, the highest temper- 
ature to which, as shown by Cross and Bevan,* a mixture of 
chromic and sulphuric acids may be safely heated without the 
disengagement of oxygen gas. Water is then run in until 
the crystals of chromic anhydride have disappeared and the 
danger of the evolution of oxygen is past. The solution is 
heated to its boiling point, care being taken that it shall not 
get under pressure, which can easily be observed by opening 
momentarily the stop-cock of the funnel tube and noting the 
direction of the flow of water, contained in the f unneL The 
flask is shaken and heated alternately for five minutes — a 
period of time which appears to be sufficient to bring about 
the oxidation of the small amount of carbon monoxide origi- 
nally produced. Then more water (60-70 cm*) is introduced 
through the funnel, and the stop^^ock between the boiling and 
absorption flasks is opened, when the carbon dioxide enters the 









TABLE 


rv. 






Xxp. 


SabrtttDoe 
tak«Q. 


tekan. 


B»OA 
found. 


CO. 

foond. 


CO. 
calculated. 


BrroronCOt. 






Akaltbis 


or AjcxoHinx Oxal. 


ATX. 




(1) 

ii 

(6) 


grill. 
0.6009 
0.5006 
0.5005 
1.0002 
1.0010 


gnn. 
1.3584 
1.8400 
1.8400 
2.5460 
2.5102 


grm. 
0.1469 
0.1308 
0.1343 
0.1347 
0.1094 


gnu. 

0.3097 
0.3103 
0.3094 
0.6188 
0.6185 


grill. 
0.3101 
0.3099 
0.3098 
0.6192 
0.6197 


gmu 
0.0004- 
0.0004+ 
0.0004- 
0.0004- 
0.0012- 






Akal' 


rsiB OF Cavx Sugar. 






3) 

4) 


0.2001 
0.2000 
0.2001 
0.2014 


1.3926 
1.3926 
1.8026 
1.8400 


0.1905 
0.1086 
0.1857 
0.1279 


0.3085 
0.3077 
0.8097 
0.3111 


0.3088 
0.3086 
0.8088 
0.3108 


0.0008- 
0.0009- 
0.0009+ 
0.0003+ 



absorption flask, which is kept cool and shaken as before* 
The contents of the evolution flask are then heated to boiling 

• Jour. Chem. Soc, liii, 88a 
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and a slow current of air, freed from carbon dioxide by passing 
through potash bulbs, is allowed to enter through the funnel 
tube to keep the liquid from undue bumping. The boiling is 
continued for fifteen minutes, after which the excess of barium 
hydroxide is determined iodometrically and thus the carbon 
dioxide present estimated as before. Table IV shows results 
obtained by the treatment of crystallized ammonium oxalate 
and cane sugar, recrystallized from dilute alcoholic solution, 
in this manner. 

The results are evidently very satis&ctory. 

The Determination of the Oxygen required to Oxidize an 

Organic Substance. 

Several different methods have been proposed for estimating 
the oxygen present in organic substances, depending, in gen- 
eral, upon the determination of thfe oxygen which must be 
supplied to bum the substance to a known amount of carbon 
dioxide and water — thus discovering by difference the oxygen 
originally contained in the substance. Lavoisier is said to have 
measured directly the oxygen used in burning organic sub- 
stances ; Gay-Lussac and Th^nard determined the oxygen used 
by measuring the amount of potassium chlorate reduced in 
burning the organic compound; Baumhauer* determined the 
oxygen used by measuring the volume of oxygen entering the 
combustion furnace and subtracting the measure of the gas 
coming from the combustion tube, which was set up according 
to the well known method for determining carbon and hydro- 
gen ; Stromeyerf determined the amount of copper reduced by 
the ignition of the substance in copper oxide; LadenburgJ 
oxidized the substance by heating in a sealed tube with a 
known amount of iodic acid, determining at the end of the 
operation the amount of iodic acid left; Mitscherlich§ has 
estimated the oxygen in organic substances directly by decom- 
posing the substance by ignition in a stream of chlorine gas, 

* Ann. Chem. (Liebig), xc, 228. t Ann. Chera. (Liebig), cxvii, 247. 
t Ann. Chem. (Liebig), czzxy, 1. § Ann. Phys. ccvi, 536 (1867). 
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estiinating the oxygen content bj determining the resulting 
carbon dioxide and monoxide. 

As it has been shown in the work described that carbon may 
be determined in organic substances by oxidation with chromic 
and sulphuric acids without the evolution of oxygen gas, it 
would seem that the determination of the oxygen in the sub- 
stance might be effected by determining the amount of chromic 
acid used in the operation, taking into consideration the 
products of combustion. This can be readily accomplished by 
taking a weighed amount of pure potassium dichromate as the 
oxidizing agent and determining, at the end of the operation, 
by treatment of the residue with hydrochloric acid, absorp- 
tion of the chlorine evolved in an alkaline arsenite of known 
strength, and titration of the excess of that substance with 
decinormal iodine solution, the amount of chromic acid left 

To test the accuracy of the determination of chromic acid 
under these conditions of analysis, weighed portions of pure 
fused potassium dichromate were introduced into a Voit flask, 
whose outlet tube was sealed to the inlet tube of a Drexel 
wash bottle, the outlet of which, in turn, was sealed to a 
WiU and Varrentrapp absorption apparatus. An amount of 
hydrochloric acid, more than enough to completely reduce 
the chromate (15-40 cm' of the strongest acid), was added 
with 20 cmS of strong sulphuric acid and the total volume 
made up to 120-140 cm' of liquid. The sulphuric acid used 
here was purified from carbonaceous matter (as in the carbon 
determination above) by heating with a few crystals of potas- 
sium dichromate, the excess of which was destroyed by hold- 
ing the acid at the fuming point for about two hours, when 
a portion diluted with water gave no color with potassium 
iodide and starch paste. Pure arsenious oxide, in amount 
slightly in excess of that required to take up the oxygen to 
be given up by the chromate, was dissolved by the aid of 
heat in a solution of pure sodium hydroxide, taken in such 
quantity as to more than neutralize the arsenious acid and 
the hydrochloric acid used to reduce the chromate, and this 
solution was introduced into the Drexel wash bottle. The 
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flask was then connected with the wash bottle, using a thick 
solution of metaphosphoric acid to lute the joint between the 
flask and its stopper. The absorption apparatus was charged 
^th a dilute solution of sodium hydroxide. Carbon dioxide 
was generated in a Kipp generator by the action of hydro- 
chloric acid on marble and purified from reduciQg matter by 
bubbling through a strong solution of iodine in potassium 
iodide and finally washed with a solution of potassium iodide 
alone. A slow stream of this purified carbon dioxide was 
allowed to enter the inlet tube of the Voit flask, the con- 
tents of which were then boiled. When concentration to a 
volume of 30-40 cm' was reached, the boiling was discon- 
tinued and, after cooling and disconnecting the flask, the 
contents of the receiver were made acid with sulphuric acid 
and then alkaline with acid potassium carbonate, and the 
excess of arsenite was determined by titration with deci- 
normal iodine solution. Sometimes during the reduction of 
the chromic acid, the red fumes of the chlorochromic an- 
hydride volatilized to the receiver; but since the chromic 
acid thus produced is reduced later by the arsenite,* this 
transfer is of no account in the working of the process. 
The following results were thus obtained. 

TABLE V. 



Szp. 


K,Cr,0, 


if^« 


found. 


K,Cr,0, 
found. 


BnroroD 
K,Clr,OT. 


(1) 

(2) 
(3) 
(4) 


6.0002 
6.0018 
6.0006 
6.0013 


gnn. 
6.1026 
6.0799 
6.0601 
6.0706 


gnn. 
0.1144 
0.0626 
0.0682 
0.0906 


gnn. 

4.9447 
4.9849 
4.9782 
4.9366 


gun. 

0.0666- 
0.0169- 
0.0223- 
0.0648- 



The cause of the error shown in these experiments was 
traced finally to too great concentration of the sulphuric acid 
in the process. When the boiling begins the chromate is 
reduced gradually and if the evaporation of the water is 
pushed too rapidly, the sulphuric acid may reach a strength 

* Browning Am. Jour. Sci., i, 86. Volume I, p. 844 . 
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at which it begins to canse the reduction of the chromic acid 
with the evolution of oxygen instead of chlorine. 

The obvions remedy is to conduct the boiling operation 
more slowly. It was found that, if from 6-6 hours' time was 
taken for the proper concentration of the contents of the 
Voit flask, the presence of the sulphuric acid worked no 
harm, as will be seen from the following results. Experi- 
ments (1) and (5) were made with 5 cm^ of sulphuric acid 
present and the others with 20 cm^ as used before. 

TABLE VI. 



Xxp. 


K,Cr,Ov 
Ukan. 


A-.0, 


foimd. 


zoond. 


Brror on 
K,Cr,0,. 




fpjsk» 


fPCOkm 


gn&< 


gnn. 


gniL 


(2) 


1.0004 


1.0600 


0.0898 


1.0014 


0.0010+ 


1.0007 


1.0631 


0.0487 


1.0006 


0.0001- 


(8) 


2.0018 


2.0501 


0.0299 


2.0026 


0.0013+ 


V\ 


2.0087 


2.0727 


0.0502 


2.0049 


0.0012+ 


(6 


5.0020 


5.1002 


0.0495 


6.0068 


0.0048+ 


6 


6.0087 


6.1018 


0.0618 


6.0066 


0.0029+ 



In applying this method to the determination of oxygen 
used in the oxidation of an organic substance, the carbon 
determination was made as already described, the amount of 
water used being such as to leave 60--80 cm^ of Uquid in the 
boiling flask after the carbon dioxide had been driven to the 
absorption flask by boiling. This liquid was then washed 
into the Voit flask and the chromic acid remaining determined 
by a second distillation (this time with hydrochloric acid) 
in the maimer described above. In each of the experiments 
recorded below, 20 cm* of purified sulphuric acid were used 
in the carbon determination and 86 cm* of hydrochloric acid 
(sp. gr. 1.2) in the chromic acid determination. The ammo- 
nium oxalate used was the pure ciystallized salt ; the phthalic 
acid was reciystallized from its water solution and dried for 
a short time over sulphuric acid ; the cane sugar was selected 
crystals of rock candy, recrystallized from dilute alcoholic 
solution and dried for a long time over sulphuric acid; the 
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paper was ashless filter paper, dried to a constant weight over 
sulphuric acid; the tartar emetic was recrystallized from 
water solution and air dried; the barium formate was pre- 
pared by treating formic acid with an excess of pure bar- 
ium carbonate, filtering hot and allowing the product to 
crystallize. 

TABLE Vn. 



8! 



(1) 

(2) 



(1) 

(2) 



GO, 

found. 



Xrror 

on 

CO, 



K^rfij 



A%Oi 

takan. 



foono. 



Ox 



ncygen 

OMid. 



Oxygen 
reqaued 

theory. 



on 
Oxygan* 



Amaltsis of Amkonium Oxalatb. 



1.0122 
1.0010 



0.6265 
0.6212 



0.0001- 
O.OOlOf 



gTBL 

2.0009 
2.0002 



grm. 

i.aoo2 

1.8617 



0.0000 
0.0440 



0.1160 
0.1147 



0.1189 
0.1128 



0.0021+ 
O.OOlOf 



Amaltsib of Phthalig Acid. 



0.1002 
0.1093 



0.2188 
0.2824 



0.0014+ 
0.0007+ 



2.0012 
2.0000 



li2004 
1.1031 



0.0814 
0.0684 



0.1466 
0.1682 



0.1448 
0.1680 



0.0008+ 
0.0002+ 



Analtbib of Caitb Suoah. 



0.2025 
0.4012 



0.3117 
0.6166 



0.0008- 
0.0024- 



8.0000 
6.0000 



1.7002 
2.3022 



0.0796 
0.0366 



0.2276 
0.4496 



0.2273 
0.4602 



0.0002+ 
0.0007- 



Akaltbib of Papeb. 



(1) 0.3084 

(2) 10.4528 




0.4982 
0.7834 



0.0010- 
0.0038- 



8.6016 
6.0086 



1.4017 
1.8000 



0.0879 
0.0710 



0.3680 
0.6368 



0.8698 
0.6368 



0.0009- 
0.0010+ 



Akaltbib of Tabtas Embtic. 



0.6067 
1.0090 



0.2671 
0.6821 



0.0000- 
0.0080- 



2.6018 
8.6008 



1.7000 
1.7620 



0.0766 
0.0108 



0.1469 
0.2911 



0.1462 
0.2019 



0.0008- 
0.000&- 



AlTALTBIB OF BaBIUM FoBMATB. 



1.0070 
1.5014 



0.3906 
0.6814 



0.0006+ 
0.0006+ 



3.0026 
&0010 



2.2002 
1.8080 



0.0406 
0.0690 



0.1428 
0.2118 



0.1422 
0.2118 



0.0001+ 
0.0000 



From these results, it wUl be seen that the process works 
^th accuracy upon a great variety of organic substances. It 
-was found impossible, however, to determine the elements 
in bodies which are at the same time volatile and hard to 
oxidize ; for instance, ether oxidizes easily to acetic acid 
but difficultly beyond that stage; although the liquid acid 
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is oxidized vigorously by chromic and sulphuric acids, the 
gaseous acid is hardly attacked at the temperature used; 
naphthaline was also found to be volatilized, and hence not 
attacked, to such an extent as to render its deteimination 
by this process valueless. 



:^ 



THB BTnSA' 






„„ accost ol <1« '^^ tto «0"^PosltioS^^°r^e '^'' fT 






;;toitiing,1^JJ';^j 



MoZ^M obBmed by j^^u, hydrogen;) a« toUowsi 

4,-, residue wtb •"'>^____^ ^ 



BStlB 




"tuDS *^^ *^^ gentle ignition of the sulphate 
rfOte leo'"""® '^^'^ eevetal milligrams more than should have 
'Leigbed ^PP"^^! xve salt Wl been reduced to the normal 

vj>eB ^® *** At IjigtieT temperatures the sulphate 

"Siydrous BuVphate. 

J Ignited gently- S '» 



1. Phy«., clDXTi, 125 (1860). 
I) Ignited at strong red best 
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turned brown and lost altogether too much weight. A 
comparison of the errors of the process in which the ignition 
was at low temperature with those of the sulphide process 
would seem to justify Rose's rejection of the former method 
for the latter. Upon recalculating these results, however, 
using atomic weights in use at present — viz. : Mn = 56, § = 
82.06, O = 16 — it becomes plain that the errors of the two 
processes, as shown in Oesten's work, are not very different 
numerically, though with opposite signs. 



UnSO^ . 5H,0 
taken. 


H118O4 
found. 


TlMory. 


Error. 


IfwR 

foond. 


Theory. 


Brxor. 


grm. 
1.659 
1.481 
1.480 


grm. 

1.048 

0.934 


grm* 

i.as9 

0.928 


grm. 
0.004+ 
0.006+ 


grm. 
0.597 

0.609 


grm. 
0.699 

0.616 


grm. 
0.002- 

0.007- 



The most uncertain element in these experiments is the 
difficulty, well-recognized at present, of getting the hydrous 
manganous sulphate, upon which the experiments were made, 
in a perfectly definite condition of hydration. 

Volhard* subsequently studied the sulphate process, and 
showed that manganous sulphate may be dehydrated, separated 
from an excess of sulphuric acid, and brought into definite 
condition for weighing as the anhydrous salt by careful and 
protracted heating over a special device of his own — a ring 
burner enclosed in a sheet-iron casing. Thus, on evaporating 
and dehydrating a solution of pure neutral manganous sul- 
phate, Volhaid obtained the results recorded in the following 
statement : 

Residue of MnS04 left by evaporation and dehydration . 0.1635 
*^ after treatment with 3 drops of HsSO^ and heating 

3 hours 0.1635 

«« after beating 2 hours 0.1638 

" after treatment with 4 drops of H^04 and heating 

2i hours 0.1635 

<< after heating 3 hours 0.1635 

* Ann. Chem. (Liebig), cxcviii, 828. 
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^ eetttwl ""^osW- Definite portions of this solution 
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-T 9'*°''* -fl tb"* ohtained the amount of manganous 
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^loM'?"*™*' aj»«n. fe' °™ experiments, from a burette 

^^daidJJiA'™'' jj^jinx ;jooible, STilphuric acid was added 

f^ a weighed p gmuvaleot to tlie manganese, the solution 

^ amcuB* mo™ ^ rtie -water-bat^ untU the water was removed, 

^^ ev»V»""* °° , 1^ nB»n» °' " porcekm ring, or triangle, 

,^d then, Buppotten j gjucihle used as a radiator so that 

^tiin a target P»««"°" 
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the bottom and walls of the one were distant from the bottom 
and walls of the other by an interval of about 1 cm., the 
crucible was heated more strongly. The outer porcelain 
crucible may be heated over a good Bunsen flame to a red 
heat without risk of overheating the manganese sulphate 
within the inner crucible, and the ignition may proceed as 
rapidly as is consistent with the avoidance of mechanical loss 
by spattering. The results obtained by treatment of equal 
portions (50 cm^) of the same solution are given, together 
with the results of standardizing the solution by precipitation 
with silver nitrate, in columns A of the following table. In 
the other columns are given comparative results got in the 
treatment of equal portions of several other solutions employed 
subsequentiy in other work. 



Bxp. 


M118O4 

calcnljited 

from 

AgClfoond 

in 60 cm" of 

•olttttonA. 


Bzp. 

(1) 
(2) 
(3) 


MnBO« 
found by 
treatment 

(rf 60 cm* of 
solution A 

wlthH^«. 


Bzp. 
(3) 


Mn80« f onnd by treatmont of 60 em* of 
Tariofifl BOlatioDs with H^^ 


A. 


A. 


B. 


C. 


D. 


B. 


P. 


o. 


8! 


gnn. 
0.3618 
0.3612 


gnn. 
0.3613 
0.8614 
0.8618 


gnn. 
0.8100 
0.3104 
0.3096 


gnn. 
0.3266 
0.3264 


gnn. 
0.3634 
0.3643 


gnn. 
0.3624 
0.8620 


grm. 
0.3366 
0.8867 


gnn. 
0.6475 
0.6476 



These results show plainly that the process of estimating 
manganese in the form of the anhydrous sulphate is both 
simple and accurate. 

The estimation of manganese as the manganoso-manganic 
oxide MiuOi, has been so frequently criticised unfavorably 
that the method may be said to have passed from very general 
use excepting in certain cases in which tiie directness of the 
process is a temptation to incur the risk of some uncertainty. 
The production of the other oxides of manganese in definite 
condition is thought to be even more uncertain. Manganese 
dioxide, MnO^, begins, as Wright and Menke have shown * to 

* Jour. Chem. Soc, zzz, 776. 
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otV0^^. *' * temperatxtpo (about 210° C.) to which 



the 



*^ te^ c^:*i^® ^_^^ ^ Jbeated to free it from water, or very 
^^^ ^€>xx of the hycLrated cUoxide (the form in which the 



' I tb**' ^'^ which the nita-aite is converted into the dioxide ; 
^ itx^ chance of prodixcing an undecomposed dioxide by 



^ ^S^^^^^^^ appears ixi analytical processes), or of the 
^^\ id smalL Mangarxic oxide, Mn^O,, is produced, it is 
^^fron^ -fcie other oxides t>y ignition at a low red heat under 
^ j^jixxa*^ conditions. Tlie manganoso-manganic oxide, 
^ Q f oxrms, presumably, ^virlien an oxide of manganese is 
h tta^i* iinder oidinaiy atmospheric conditions, to the high 
^ of ^tib-^ blast-lamp. If tiie proportion of oxygen in the 
^^jiixg atmosphex-e is xed.nced below the normal, the 
gurro .^j^ of Mn,0, to JVIiXaO^ goes on very easily, as Dittmar 
^"^^ xVT^* ^^ * temper^a-b^xxre between the melting points of 
^ ^ ^ aluminum, Tv^bilo if -tlie proportion of oxygen in the 
i^^®^ ding atmosptiere xdses much above* the normal, the 
fiUjra^ y^j^gQ^ from MLxl^O-* "to Mn^O, tends to take place at 
xeverse -jjeniperature. It is rxot surprising, in view of these 
the saiJC> ^^^^ ^^ ^^ estiimcLtion of manganese as the oxide 
*^^ •' have falloxx into disrepute; and yet, if the 

favorablo to tbe production of that oxide — a 



pheaoi**' ^^^ ^^^^ falloxx into disrepute; and yet, if the 

^^^^\ most favorablo to tbe production of that oxide — a 

conAx^^ ortion of oxygexx in the surroimding air — can be 

loN^ ^^^ed duiiBg tihe igxrition, it is not impossible that the 

tnaa^ata^ oi ^® process xKiight prove to be, imder the con- 

^^^^^ reaBonaUy aocnxate. Now, this may be exactly the 

3a^oTx9j affair ^b^exi. tbe ignition takes place ordinarily ; 

^^^^^^e products oi combustion displace the ordinary air 

^^^' ^e crucible, tiie proportion of oxygen about the oxide 

a>x>xi* \ w Aimit. A^e have made the experiment of 

iaSift tx> demited crixcible within an inverted crucible, so 

"Tl^vr^^oi combustion diould be held inmiediately 

^ut ani aWe tlve ignited oxide, but our ezpenence has 

S^^ *at tke obV^t in view is attained, apparently qmte as 

xi MT^en ^e iKDi^on is so arranged that the crucible simply 

"^^eVi m'kl^^^^PlP^^ P*^ °^ ^^ ^^^ °* * strong Bunsen 

• Jour. Chem. Soc, xtu, 291 
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burner, or blast-lamp, in such manner that an oxidizing flame 
covers nearly the entire wall of the crucible. 

In the foUowing experiments we have put to the test this 
matter of getting definitely the different oxides of manganese. 
We started with a known amount of pure anhydrous sulphate, 
prepared from the pure chloride in the manner previously 
described. This sulphate was converted by ignition into the 
oxide — presumably the oxide Mn^O* — the containing crucible 
being well within the upper flame of a powerful burner. 

In the next step, this oxide was further oxidized by 
moistening it with nitric acid and heating the residue gently 
until the evolution of fiunes ceased, the containing crucible 
being placed well above a porcelain crucible used as a radiator 
and heated so that only the bottom showed a faint red heat. 
In this process the attempt was made to arrest the ignition 
at the point where the anhydrous dioxide was produced. As 
the table shows, and as would be expected, this attempt was 
only occasionally and partly successful. 

The residue of the last process was then submitted to a 
higher heat. The platinum crucible containing the oxide wsu3 
placed within and touching the bottom of a larger porcelain 
crucible which was heated to redness. Under these conditions 
the temperature should not be too hot, and the products of 
combustion should naturally be thrown so far away from the 
oxide undergoing ignition that circiunstances should be 
favorable for the formation of the oxide Mn^Os. The event 
proved that the attainment of the exact condition corresponding 
to the symbol Mn^Os is a matter of some uncertainty. 

Next, the oxide was subjected to the highest heat of a strong 
Bunsen burner (or in some cases, the broad flame of a blast 
lamp), the crucible being well surroimded by the products of 
combustion. The results of this treatment, it wiU be seen, 
agree, with a single exception out of ten experiments, reason- 
ably well with the theory for Mn^O^. 

By treating the final oxide with nitric acid and repeating 
the cycle of operations described, the observations of the 
phenomena were multiplied, untQ, finally, the oxide formed 
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last waa treated with sulphuric acid, ignited in the manner 
previously detailed, and weighed as the anhydrous sulphate, 
thus showing that no significant loss of material had taken 
place in the series of manipulations. The table comprises the 
results of these experiments. The numbers in parentheses 
indicate the order of treatment. 

The inference is plain that the estimation of the manganese 
in the form of the manganoso-manganic oxide, Mn«04, is by no 
means to be considered utterly untrustworthy when the process 
is conducted in the manner described, though it must be 
recognized that an irregular result may occur occasionally. 
The danger of accepting such an irregularity as a correct 
indication may be eliminated to a very considerable extent if 
the precaution is taken invariably to moisten the ignited oxide 
with nitric acid, and ignite again. The indications of 
harmonious results thus got may be taken with a fair degree 
of confidence. However, it is, in our judgment, by far the 
wiser and simpler plan to convert an oxide of manganese 
obtained in course of analysis into the sulphate and to weigh 
the manganese in that form. 
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Sbsh,^ -«to -i^ ^Aotion m nitric ^"^5 Procipitetion of 
mwmB fe»m *» s *tot P««ipita.«!:^* ^'y "" "» of 
™to»ium <W»»**>joe4 » »°* ot oq^** " complete, but 
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.K*T«t poipof " .,ostoioiia»a.t ^ij^f® t""" <>?^ «>''>■ 
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^V t'"*".._e. of oriiati'"' of tile precipitate, bnt there ia 
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"oW"""*' ^ t the meohaniol inclusion of the comparatively 

^e?c8Bt>ihty" ^ ^^ ppooipitated oiide. As to the 

jj^toUe {the latter aotiroe of error we have had in the 

e%i^°'^ ° a., , aeo. t Jom. Chum. 80c., Toi. ixxm. aw. 

• yrom Am. ^"^^ *^ ' ^ 1638. 5 Chem. Centril.BlAtt, 1886. 714. 
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couise of our work very strong affirmatiye evidence, the 
apparent condition of oxidation of the precipitate being 
sometimes so high as to be otherwise inexplicable. This 
diflSculty does not occur, however, when a more soluble 
chlorate is chosen to do the work of oxidation, and we have 
found quite as convenient and much safer the substitution of 
sodium chlorate for the comparatively insoluble potassium 
chlorate. Besides, the rapidity with which the sodium 
chlorate is decomposed makes its use an advaatage. 

With regard to the completeness of the precipitation our 
experience has shown that with due precaution the method is 
practically perfect. Thus, after boiling manganous nitrate 
(free from chlorides and sulphates) with strong nitric acid 
(85 cm') and sodium chlorate (5 grm.) for five minutes, 
adding, subsequently, 15 cm' of the nitric acid and a few 
crystals more of the sodium chlorate, and discontinuing the 
heating as soon as the liquid again boils, the insolubility of the 
manganese is so great that no more than insignificant traces 
may be recovered from the filtrate after coolmg^t^ring upon 
asbestos and washing with water. The test for manganese in 
the filtrate and washings was made after evaporation and 
solution of the residue in distilled water by treating the hot 
solution with bromine and ammonia. In the first division of 
the table below are results obtained by treating the manganese 

TABLE L 



MnS04 
taken. 


Mn found by KI 


Mn found by 


treatment in 
filtrate. 


AawOg treatment 
Infiltrate. 


gmi. 


gim. 


gnn. 


0.3861 


None. 






0.8861 


None. 






0.8361 


0.00006 






0.3861 


0.00006 






0.8861 


0.00002 






0.3861 


0.00008 






0.&%1 


None. 






0.4128 


• ■ • • 


0.00003 


0.4128 


• • • • 


0.00003 


0.4128 


• • • • 


Trace. 


0.4128 


• • • • 


Trace. 



^ from ^^ ^^^ ^^ Pot^ ^ ^00^55. 87 

^XT^^^ ^« ^^' ""1 ^ ^^^ ^^^;:^ iodide and 
^i^l^^te. I» the second senea tlx^ p^^^xxed by sodium 

m^^ was reduced by a known ^tt^^^^^^^^ted manganese 



dioflfl«^ii8 acid and tue '^"'^^ ^^^^^^itxic^^ ^^ decinormal 



c^^ by titration with iodine ^^^"^ "Uiioxidized was 
eslJni*' 4,uin carbonate- P^^^esence of acid 




the 



^ "*' W9 modified metiiod oi baridtu ^^^eed 0.0001 grm. 
piujiy t*^ ^ to piecipitate th© xn_^ ^ "*^« chlorate process 
ffl»y ^ *^ approximation to comt>l^*.^^^®^ ^^ gratifying 
lapidity an« ^^ ^^ prolongea. boiu ^^^ ^^ experience 
hj8 sho^ ^^-eaneae C^rom O.OOl O ^^^ results in a considera- 
ble ^oas oi taaBg»" ^^^^^ ]:r~r^^'^OB0 grm.). This we 



nitro- 
nitric 



^^ "^rf L^'cUorine dioxide "w ^>^^^ T" ^ ??'^^ ^""^ 
a„^id) aftex «^®/^^, , .^ . ./' ^^^ >>een thoroughly expeUed. 

excess oi tl^^^.^^^™^,^J^ ^^ ^^^ of the boi^ seems to be 
.Btial and a Bligbt yeUow^color i^ the solution, due to ehlo- 



^^e dioxide, is a favoxaUe mdicatioxi rather than the reverse. 
-Wefinditbestto filter tiieimdilixted nitric acid, under pressure, 
mpon asbestos on a perfoiated cone ^with a filtering surfa<3e of 
about 40 cm*. Tlie dilution of the nitric acid before filtrar 
tion tends to produce some solnbility of the manganese, and 
the loss then introduced, tliougli trifling if the filtration is 
rapid, may be considerable if tYie process of filtration is pro- 
longed, as is the case in tbe method approved by the " Verein 
der deutschen Eisenhiitteleute." * 

Our experiments upon tiie chlorate process have been made 

with manganoTis chloride prepared as detailed in a former 

paper, viz. : by boiling manganous chloride with manganous 

carbonate, precipitating the filtered solution with ammonium 

sulphide, dissolving the washed manganous sulphide in dilute 

hydrochloric acid, precipitating the solution thus obtained with 

sodium carbonate (after boiling out hydrogen sulphide), dis- 

• Von Bei8, Zeitschr. angew. Chem., 1891, 376. 
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solving the greater part of the manganous carbonate (thor- 
oughly washed by repeatedly boiling it in successive portions 
of water) in the least amount of hydrochloric acid, and boiling 
the solution thus obtained with the remainder of the pure 
carbonate and filtering. The standard of the solution thus 
prepared, neutral and probably veiy pure, was fixed by evapo- 
rating definite portions with sulphuric acid and weighing 
the residue as the normal sulphate in accordance with the pro- 
cedure outlined in a former paper.* 

Any method, by means of which the oxidizing power of the 
higher oxygen compounds of manganese is discoverable, may, 
obviously, be employed to determine the condition of the 
manganese precipitated in this chlorate process. Convenient 
processes for the determination of the available oxygen in the 
higher oxides of manganese are the iodometric methods of 
Bunsen and Pickering. Bunsen's method is applicable to any 
of the higher oxygen compounds of manganese — though some- 
what inconvenient because it involves the distillation of the 
chlorine liberated by the action of strong hydrochloric acid 
upon the substance and its collection in potassium iodide, the 
iodine thus set free being estimated by standard thiosulphate. 
According to Pickering'sf method the higher oxide is treated 
immediately with potassium iodide and hydrochloric acid and 
the iodine liberated is estimated by sodium thiosulphate. 
Plainly, the latter method is limited to the treatment of the 
less refractory or more finely comminuted oxides, and it fails 
in the presence of ferric salts and all other substances capable 
of liberating iodine from the acidified iodide. 

Still another general iodometric method for determining the 
oxygen value of the higher oxides of manganese is suggested 
by Deshayes's titration of permanganic acid in nitric acid by 
means of standard arsenious acid.| Our experience in follow, 
ing out this idea shows that the precipitated oxides of manga- 
nese, as well as the soluble permanganate, may be easily 
reduced with the aid of gentle heating by arsenious acid in 

* Am. Jour. Sd., v, 209. This volume, p. 77. 

t Jour. Chem. See, zzxtu, 128. % BnU. Soc. Chim., zziz, 541. 
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. ^"^ai ^ faS"^ **^i^ W SS <^* ti»e detennination of 



^*Avi»^°^ * ^^ ""^ ^^irxj^T-*'" ««>d by an alkaline carbonate 

^ e*«^\o**>^^^- A^^^tbe oxidizing power of the 

C»^< W ^^''T "^^ «^«^ W^^?* ^"^«^«'' *^* ^ ^« iodine 

^^aS^ ^^^"^^ ^U^^ ^"^ ^' manganous carbonate 

^^ ^ ^^^ ^*^^^S^^ ^."^°*<«' ^ « inevitable 

r »^ ^*^V^ ]^ P^^««eix<^^ /"f^ ^J^* tite^tion of tie 

«B6t^o<*s oi more or l«»„ *°® floating carbonate, the 

JLset *^5 tl^e ioditt^ VL'^\^'^^^'''' °* *^« manganous 

o«^^*^«rtoJ*^^y ^« di«C , coMequent introduction of 

ertoT. ^SotM^MlestiuS?^^°^{'*°^^^^«Wi°g 
to ^e e***^ ^levent the T>T«r- -' ^"^""^^ **'•*»"« acid or alkaline 

tKrts*^ t tieviteaiizatioTi^^^*^*^"'' °^ ^^'^ manganese in the 
^^^^ft^o^ atteixtSx^ the bicarbonate. 

Co«f^^e reduction o^ .^^ v^* *^° ^^^"^ iodometric 

iodide on *« « aoi^t^*'^. by «««°io'« acid on the other - 
_^e tnade, fi»t. «>«ie experuuents to determine the accmacr 
^th wUcU mangaxxese nmy be thus esthnated. ^^ 
for the Tn«ngM^«8f compound of known oxidizing power a 
golxitio^ of f>™«»™=^ permanganate filtered carefully through 
^Taestos and stendaidized against ammonium oxalate which 
j^^i3 been found to be the exact equivalent of a specially 
prepared lead oxalate. For each experiment a definite nor- 



■cmjM.. «- — ""-X » uuicbM) ana treated 

,,^th a solution of pure manganous sulphate until the color 

4>f tiie pennanganate had vanished, thus precipitating a 

j^ydrous oxide approximating quite closely probably to the 

condition of oxidation of the dioxide, but containing at all 

^-vcnts, whatever its actual composition might be, the exact 

gjnount of available oxygen originally in the permanganate. 

Ifx iJie experiments of the following table this precipitate 

■^^B» treated with a solution of potassium iodide (6 grm.) and 

^3jtaric acid (10 grm.), by which the freshly prepared hydrate 

1^ dissolved quite as well as by the iodide and hydrochloric 

0cid of Pickering's original method and with less risk of 
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evolution of iodine ^"^^^^^^^ ^'^^ reaction. From the 
iodine found by titratioix »^ this sulplmte we have cal- 
culated the weight of manga^'^^se dioxide which would Uberate 
it; and a comparison of this value with the amount of the 
dioxide theoretically piecipitated by the interaction of the 
known permanganate and the sulphate, upon the assumption 
that two molecules of the former throw down five molecules 
of the hydiated dioxide, should disclose the error of the 
analytical process when applied to the estimation of man- 
ganese dioxide. In all probability the assumption that it 
is the dioxide that is precipitated, and which afterwards acts 
upon the iodide, is not quite true under the conditions, since 
the precipitation takes place in presence of an excess of a 
manganous salt ; but for our purpose it does not matter, since 
we are in effect simply dealing with the oxidizing power of 
a known amount of permanganate. 



TABLE IL 



Mn tbeoietieaUy 


Mn in MnOj 


Brror of the analytical 

proceaa (appliea to 
IftnOt) in tenns of Mn. 


precipitated by 
KHn0« M MnO,. 


oorrespondiiig 
to iodine foond. 


gmi* 


gnn. 


gnn. 


0.1361 


0.1847 


0.0004- 


0.1361 


0.1347 


0.0004- 


0.1861 


0.1360 


0.0001- 


0.1361 


0.1863 


0.0002+ 


0.1361 


0.1368 


0.0007-h 


0.1861 


0.1368 


0.0002+ 



Thus, it is obvious that the mean error of the results 
is practically inconsiderable, varying between extremes of 
— 0.0004 grm. and + 0.0007 on 0.1851 grm. of manganese 
dioxide. 

In the experiments of Table III the precipitated oxide was 
treated with an excess of a standard arsenious acid solution 
and 5 cm^ of sulphuric acid of half strength, and the whole 
was heated until the manganese dioxide was dissolved. To 
this liquid was added tartaric acid (10 grm.) to prevent the 
precipitation of the manganese and the oxidation by iodine in 
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Y*a»M.-c3m carboDa.t0. a»d the arsenic 
««aa!OBa condition titrated by - - 



TABXE m. 



ixe\xta"alized by ac; 
still Tenaaming in tl 

e. 



act 



0.1392 
0.1109 
0.1112 
0.110& 
0.1109 
0.111T 



«n In MaO. 1 




0.1896 1 

0.1117 1 

0.1117 1 

0.1117 

0.1117 
0.112^ 


grm. 
O.0004- 

O.0008- 
O.0006- 
O.0008- 
O.0008- 
O.0008- 


- 



It is clear that .^^^odfde^^o^^ ^^^tHods of reduction, t 



•^Ss^pable of yieldm^ ^*^^^ ^^^x^:^xj& uadications when we ha 
-^i* deal with a pua^e salt oi manganese. When, however, i 
-KrmaBganese is assooiatea ^"^a- <5oixsia.exable amount of m 
^8 is frequently the case, it becomes a. matter of necessity 
^parafce the manganese befoxe a-fctiempting its estimatic 
:toi this piMpose the " cMomte process " is by far the simpL 
«f those geneiaUy iised, and tlxovigli it has been the subj* 
of much discusmon, it " at preseix-b -fclxe method of separati 
most widely used by practical cliemists, whether the fii 
estimation of the maxiganeae is xnade gra\rimetricaUy as 
Fold's process, or volumetricaXLy, as in the methods 
Volhaid, Williams, or Pattinsoxx. 

Definite portions of the solutioTi o€ pure manganous chloric 

were drawn from a bixrette into an. Elx-leirmeyer flask of 800 c: 

capacity, evaporatea to dryness, ;pxecipitated by the " chlora 

pioceas " with the modifications gi-ven in detail above. T] 

oiide after careful -washing, "wras ret\imed with the asbest 

. .Lg flaat and treated by oxxe ott other of the methods 

ocribed. It "was eitliex -trrea,t;ed. with potassium iodi( 
be ^^jj.) and sulpliTaLrio acid. CS^^ cm^) of half strength, H 
(h /*^8et free being estimatea. "by thiosulphate ; or it w 
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heated with an excess of standard arsenious acid and 10 cm^ 
of sulphuric acid of half strength, and after cooling, adding 
6 grm. of the Rochelle salt and neutralizing with acid 
potassium carbonate, the arsenious acid remaining unoxidized 
was estimated with standard iodine. In Table IV are given 
the results obtained in this work. 








TABLE IV. 




Kn taken in 


Kn found upon 




Mn found in the flttrato 


the fonnof 


thehvpothMfs 


Srror. 


After evaporation and 


• numguMNU 


thatMnOils 


treatment with bromine 


ohlorlde. 


precipitated. 








Bt Rbdugtion with Potassiitm Iodedb. 


gnn« 


grm. 


grm. 


gnu. 


0.1226 


0.1188 


0.0042- 


0.00006 


0.1226 


0.1177 


0.0048- 


Trace. 


0.1226 


0.1180 


0.0046- 


0.00008 


0.1226 


0.1169 


0.0066- 


Trace. 


B 


T RSDUOTION ' 


wira Arsbkioub Aoid. 1 


0.1222 


0.1180 


0.0088- 


Not determiDed. 


0.1222 


0.1191 


0.0081- 


Not determiDed. 


0.1222 


0.1109 


0.002a- 


Not determined. 


0.1222 


0.1200 


0.0022- 


Not determined. 


0.1222 


0.1186 


0.0036- 


None. 


0.1222 


0.1187 


0.0036- 


0.0001 


0.1222 


0.1189 


0.008a- 


0.0002 


0.1222 


0.1194 


0.0028- 


Trace. 


0.1222 


0.1206 


0.0017- 


0.0001 



L 



The results show plainly that^ while the manganese is so 
completely precipitated in the chlorate process of oxidation 
when properly conducted that only insignificant traces may 
escape, the condition of oxidation cannot be taken to be 
that of the dioxide. The average error thus put upon the 
determination of the manganese known to be present is more 
than 2 per cent. It foUows, as a matter of course, that the 
indications of any process which rests upon the assumption 
that the oxygen value of the manganese compound preci- 
pitated in the chlorate process corresponds to that of the 
dioxide must of necessity be erroneous. If, therefore, the 
chlorate method is to be employed for the separation of 
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-,00fX*>S.*® *^*^'^*'^tdoxx'*"^^ piecautions must be taken 
jjjpgr^^V^ -which. <ier>« *^ oxidation of the manganese 



JaectU»>0e«f?0 °»y Vio a.^^?: i^P^^ <J^e oxygen ^alue of 
^ ^o**%^oc©a8 AvliicK - *° ^'^ estimation of that 

^ iBg^ 'jiVve j^te condition - ***" ***°*^ ^"^ ** ^^® 

^gotfiJ** -^ AP^^^eiiko * -tj^ r" *^ ba*ed upon the observations 

^ 0*^^.*. eJ»^ ^tine in. «*^ ^ <iilute solution of potassium 

ol^^^*^ «M in. ^^^^^ ^* ^° ^" "^ ^'^^ presence of 

^eOB»''^S>'^, aia oxido ^?*^^ mixture upon manganous 



^6 ^ ^e\^ ^exactWr"^ *^^ ^^'^'^^ combined with alkali, 

«^^?Se o*^^tbJe^Wa^>*^Jl P«>Portion corresponding to 

\i.o\»^ -AjB. % vw taxQ manganese in such a pi»- 

^i^ ^°^-eP^^ ^^xxoiMxt of that element originaUy 

i^jjttsv^ S^J^® toangMxovia salt. In the f oUowing table are 

^xeaet* ^^^ ^^ .^^Periments in which manganese was 

^^^^ . cA ioAotaetncally after the interpolation of the 

e _-,^tieu treatment. 



p^i^«**^^^^eiV«^^^^*® ^ Bolution of manganous chloride of 

^*^ atjeiig^ ^^® dxa^wn from a burette, evaporated to 

Isxtcr^^ Vxx ft ®^^ V)eaker, Iieated with nitric acid until there 

dry^ ^4eBce oi tlie presence of nitrogen oxides. Strong 

^^r^^J^ ftcid ^^^ poured in until the volume was 86 cm^ sodium 

^tiT^^ g grm-^ was added carefully, the liquid was boiled 

^ ^ -rninutes, n^ore nitric acid (16 cm^) and a few crystals of 

fi"^® hlorate were introduced, and the solution brought to 



-ILdj? temperature s^ain. After cooling, the liquid was 
^^'^ ired on asbestos and washed with water, and the oxide 
fi^*^ ^g asbestos and walls of the beaker was dissolved in 
^P^ 8 of hydrocbloric acid. After diluting a little the 
2 /^ ^^^ .^eas evaporated with 5 cm« of strong sulphuric acid 
Bol^ ^^ ^^^ hydrochloric acid remained. The solution of 
^^^ xjoanous sulphate (not exceeding 0.6 grm. of the salt), 
'^'^^^V nearly neutralized by potassium carbonate, was mixed 
-S a solution of zinc sulphate (2 grm.) and a freshly and 
^ filtered dilute solution of potassium permanganate 




^^\% grii. of the salt) ; the Uquid, amounting now to about 
^ • Jour. Chem. Soc.,xxxTa, 36. 
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500 cm', was heated to 80° C, and acid potassium carbonate 
added, in quantity a little more than enough to neutralize the 
remnant of the acid present. The precipitate was collected 
upon asbestos, and after careful washing was returned to the 
flask in which the precipitation had been made. The oxygen 
value of the oxide was determined by one or other of the 
methods described. In the one case the flask was fitted with 
a paraffined stopper having two bores, one holding a Will 
and Varrentrapp absorption apparatus (in which a solution of 
potassium iodide dissolved any escaping iodine), the other a 
small separating funnel. Sulphuric acid and potassiimi iodide 
in solution were run in through the funnel, the iodine set 
free was titrated with thiosulphate — the amount of man- 
ganese being reckoned from the iodine set free. The results 
of this work follow in the first part of Table V. In the 
second case the dioxide obtained in the manner described above 
was reduced by warming gently with a decinormal solution 
of arsenious acid. After cooUng, and neutralizing with acid 

TABLE V. 



MntakMi 

in the 

fonn of chloride. 


Ifn f oand upon 
the hypotheab that 
MnO. la the oxide 

flmdly ohtelned. 


Error. 


Bt Rbduction with Potasbzttm Iodidb. I 


gnu* 


gnu. 


(TBL 


0.0643 


0.0687 


0.0006- 


0.0648 


0.0642 


0.0001- 


0.0648 


0.0642 


0.0001- 


0.0661 


0.0661 


0.0000 


0.1126 


0.1121 


0.0004- 


0.1126 


0.1121 


0.0004- 


0.1126 


0.1120 


0.0006- 


0.1214 


0.1206 


0.0008- 


0.1214 


0.1207 


0.0007- 


0.1214 


0.1228 


0.0009+ 


0.1214 


0.1214 


0.0000 


Bt Beduotiok with Arsbnious Ozidb. 1 


0.1213 


0.1212 


0.0001- 


0.1213 


0.1201 


0.0012- 


0.1213 


0.1203 


0.0010- 


0.1213 


0.1208 


0.0006- 
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^boo*'*^ ^^ acid was Ga*-.5Z__? RocheUe salt, the 



^^-^^-r^. estixx^^^^^T^ti. iodine in the 

> «^^ Tts 8^°^,S!^ «.r«^^ ^ ^^^ precautions to which 
W^^ Yjeetx d^*^o*^ *^alc«,x, 4.: dilution of the 

gjt6otio» ^ YveatJJ*. in tv.« V ^^"^sence of zinc sulphate, 
autiott '^'^^^tttial oi '^f . r°~ »fttxost complete neutralization 
^C^^^MSotetl^e^^^??? *^« I»ota8^umpennanganate, 
Tlfaee««^^^ ^oxide P^ipita.t«a. by the chlorate process 

^e «>**S»^aOg<*°'^ *^*^ sxibsequentiy, after reduc- 

iioiB P^ ^-^t by ^® pe™»a^8a,na.t« treatment so nearly to 

^o^'^ ^^ oi o^dfttvon represented by the symbol MnO., 

ihetaft*^o^t of manganese originaUy treated may be 

tiiat ^^.^liiJi a ■'eiy **" <iegree of accuracy from the 

<jalc\iift^ qJ tihiee-fiMia of tlxe oxide found. We do not 

oxyg^ f^ Ajjs pTOcedTixe as a ra.pid analytical method ; our 

jecoiBia^f^ accomp^®^ wlien tlio fact is brought plainly to 

purpose » ^^ ^^4e piecipitated. by the chlorate process is 

vie-w ^^, ^jg^ yjqj, tiaab it may be made such by subsequent 

ivot w*® 

tceatiaen^ 
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ON THE ESTIMATION OF MANGANESE 
SEPARATED AS THE CARBONATE. 

Bt MABTHA AUSTIN.* 

The estimation of manganese precipitated as the manganous 
carbonate, when that salt is obtained by the action of sodium 
or potassium carbonate, has been regarded as very undesirable 
for the reasons that, even if the conditions of the precipitate 
is such that it does not run through the filter, the manganous 
carbonate can never be freed entirely from alkaline salt, and 
that the conversion of the carbonate to the manganoso-manganic 
oxide — the form in which it is customary to weigh — is too 
uncertain. It had been supposed, also, that the presence of 
ammoniacal salts (as well as of carbonic acid) causes solution 
of the manganous carbonate, until the work of Guyard (Hugo 
Tamm) f showed that when the precipitation is accomplished 
by ammonium carbonate, even in the presence of ammonium 
chloride, complete separation of the manganese is possible. 
No data are given by Guyard to show the completeness of the 
separation of the manganese by this process ; but Fresenius ^ 
examined the method and speaks favorably of it. In this 
process the main difficulty of the older method of estimation 
as the carbonate — viz., the inclusion of the alkaline salt — is 
avoided. We know now how to avoid the difficulty in the 
way of weighing as the oxide by converting that substance to 
the form of the sulphate, as shown in a former paper. § 

For a careful study of the separation of manganous carbonate 
by Guyaid's method a solution of pure manganous chloride 
was prepared and standardized as the anhydrous sulphate in 

* From Am. Jour. Sci., t, S82. t Chem. News, xxri, 87. 

I Zeitschr. anal. Chem., xi, 290. 

I Am. Jour. Sci., y, 209. X^is Tolume, p. 77. 




^^ TUB BSTIMATIO^ OF ^^^^ 

A teiled in ^« P*^^ ^ ^MtiK >^ 
tt^^^^e A definite volume oi ^i^^ ,^^^i^Txce has been 
ma* "^^^Xiv drawn into a platmnijQ. ^wCt^S^^our chloride 
'^^Scm'. To the Bolutiot. ^^^ 



ovis chloride 
^*icl diluted to a 
voltJme^^^oride (about lu gnn. > was a^^^^'r^^ 1-00» C. ammo- 
BinmC^ excess. The solution ^,^ ^^^ ammonium cai^ 
\»T>ate 4ate subsided, and then was filte^^^ ^arm until the 
rated crucible nad^^P^ssvtte. tO^ *^ on asbestos on 

to inavii^ — -^ P^^sence of ammo- 



) 



) 






SVt<i^ 



^sssB. ILt it will not run thio-act^ viT ^ condition of the 

itate tbft^ ^g precipitate >«ras ^^ **^^* 



lB»s«»^..,- ««rmit an attempt to 




felt. 

under conditions 
as the carbonate, a 



"*^ o^aY pen»^ 

which T«^f„^thod was made inciaen-tx^i?^ *^ "^ «iu:uon»ws, a 
^^^^^vTstoted previously, t^ ^^ The event proved, 
as Rose* baB ^^^^ of carbo^^, ^^^ *« carbonate is 
ge-^y TrS^^B ^«°^ *^« ^a.^^^^"^?' and oxidation of 

presence ot a snu*^""" »- «i a. Uiglier oxide of manganese. 

^ dve foUo^g ^^^\?^ *;;^^ tiKe results of a series of 

jperiments in whicli \i^ attempt ^as made to weigh first 

carbonate and agam after stxoiag ignition - well within the 

^.idiring flame oi a powerful bixnxer t —as the manganoso- 

manganic oxide. The application of the bromine test to the 

\iot ammoniacal filtrate sho-wed th.at in every one of these 

experiments, the precipitation of the manganese in the form 

of the carbonate had been complete. 



<y%.v 




0.0005+ 
0.0024-h 
0,00804- 
0.004(M- 



MOfO^ 



Found. 



gnn. 
0.1770 
0.1788 
0.1770 
0.1774 



Theory. 



gnn. 

0.1776 



Brror. 



gnn. 
O.OOOC- 
0.0012+ 
0.0006- 
0.0002- 



TOL. U. 



* Annal Pbys. Chem., Ixxxiv, 52. 

t Am. Jour. Sci., ▼, 209. This volume, p. 82. 
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Aa shown in this table, weighing as the carbonate is out of 
the question; the errors of the process when the residue is 
ignited in the manner described to form the manganoao- 
manganic oxide are much smaller though rather variable. 
The estimation of manganese as the anhydrous sulphate had 
given in the work to which reference has been made results 
agreeing so much more closely than could be obtained by 
any other procedure, that the attempt was made to estimate 
the amount of manganese precipitated as the manganese 
carbonate by converting it first to the oxide, then to the 
sulphate. A given weight of sulphate was precipitated as 
the manganoua carbonate, after the employment of all the 
precautions mentioned previously in this paper, and then 
filtered off on ashless filter paper. After washing thoroughly 
with hot water, the filter was burned, the residue ignited for 
the condition of the manganoso-manganic oxide and weighed 
as such. Then the oxide was converted to the sulphate by 
heating with three or four drops of concentrated sulphuric 
acid. The agreement of the results as shown in the following 
table is considerably better. 





"ibO. 


KdSO. I 




T^ 


Thmy. 


a™. 


p«»d. 


Thmj. 


t™. 


jnn. 
10 
10 
10 
10 


0.2463 
01110 
0.1584 
0.1672 


05478 
0.1121 
0.1681 
0.1609 


0.0016- 
O-OOU- 

o.oooa+ 

0.0027- 


0.4«« 
05225 
0.8126 
0.3366 


0.4906 
05219 
0.3128 
0.3361 


0.0002- 
OOOOftf 
00002— 
0,0009- 



y treatment of the filtrates of (1), (2), and (8) with 
nine and ammonia at boiling temperature no manganese 
found. In the filtrate from number (4) by the same 
tment, a small amount of manganese dioxide was precipi- 
1, which when heated with concentrated sulphuric acid 
3 0.0006 gnn. of manganous sulphate; and, hence, the 
r in that determination is really 0.0008 grm. on the 
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rrt>^ ^ to ittxpexr^^^ ^^ficiency recorded in the table 



d^ 



""^^ntot^^o '^^■fchfi manc^^C^ Q-iyard's method of separation 



ItVase «^^8 com^!S, ^ carbonate, when handled with 
ofVST €^«i cWw f^«I>*«tion of that element. It 
lc»4*»<''^ecO^**in the r>rl^ ^o^ever, that the precipitation 
^ ^ ^s3^ -de, a^a ^Sf^^*^® °* * considerable amount of 
\t!^ ^ cii^ \\\tic» * ^^p^-ti great care must be used in the 
\Ltit^^***^ A '''^KU * ^ fiixely divided precipitate. It is 

"^flj* *^^t6^6^*^ ^eiglx irx the condition of the sulphate. 
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XIV 

THE ACTION OF CARBON DIOXIDE ON 
SOLUBLE BORATES. 

Bt LOUIS CLEVELABD JONES.* 

In b process for the separation and estimation of boric acid 
ttevised by Morse and Burton,t the liberation of carbomc, 
silicic, and boric acids from a mixture of inorganic salts ia 
effected Iqr the action of sulphuric acid, using tropteolin OO 
as an indicator of acidity. In the solution thus piepaied, con- 
taining in free condition only carbonic, silicic and boric acida. 
the silicic acid is dehydrated and made insoluble by anhydrous 
copper sulphate. The boric acid is then extracted with abso- 
lute alcohol. To this alcoholic solution of boric acid, a known 
amount of barium hydroxide solution is added in excess over 
that required to form a barium metaborate, BaB,04. Carbon 
dioxide is tihen passed into the solution in accordance with the 
'lypothesis that the excess only of barium is acted upon. The 
iqueous mixture of barium metaborate and barium carbonate 
s evaporated and the residue is heated to a constant weight 
)Yer a triple burner. From the following proportion the boric 
icid present may be calculated. The molecular weight of 
wric acid — the molecular weight of carbon dioxide : the 
Dolecular weight of boric acid = the total weight found — the 
heoretical weight of bariiun as carbonate : the weight of boric 
«id present. It'.is obvious, inasmuch as the difference be- 
ween the calculated weight of the barium as carbonate and 
he actual weight of the residue is multiplied nearly three times 
o get the boric oxide, that the actual error of the process, 
whatever it may be, is minified threefold by the method of 
omputation. 

• From Am. Jonr. 8ci., t, 442. t Am. Cbem. Jour., z, Id 
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I have made a study of this method applied to puie boric 
acid, but have been unable to obtam results similar to those of 
Morse and Burton. 

For this investigation boric acid of standard strength was 
made by dissolving in a given amount of water a known 
weight of anhydrous boric oxide, prepared by igniting over a 
blast lamp boric acid several times recrystaUized and washed. 
A solution of barium hydroxide was filtered free from carbon- 
ate and then standardized by precipitation as carbonate and 
also by the Phelps method with iodine.* To a measured 
amount of the boric acid solution an excess of barium hydrox- 
ide was added, carbon dioxide passed, and the whole evapo- 
rated and by successive ignitions brought to a constant weight. 
Below are tabulated some of the results: 



Bxp. 


Calculnted 
MBaOO^ 


tS& 


Weight of reddae 

After MuweMiTB 

Ignitiane. 


fooni 


Error. 




gim. 


gxnL 


gmu 


gnu. 


grm. 


(1) 


0.9391 


0.2200 


( iBt wt., 0.9860 
\ 2d " 0.9786 


0.1263 
0.1063 


0.0987- 
0.1137- 








( l8t " 0.9606 


0.0744 


0.0623- 


(2) 


0.9318 


0.1296 


\ 2d " 0.9568 


0.0646 


0.0649- 








I 3d " 0.9610 


0.0617 


0.0778- 










{ l8t - 1.0367 


0.2972 


0.0780+ 










2d " 1.0248 


0.2679 


0.0487+ 


(3) 


0.0263 


0.2192 


« 


8d " 1.0149 
4th " 1.0064 
6th « 0.9976 
6th <' 0.9866 
1st " 0.8017 
2d " 0.7777 
8d " 0.7642 
4th " 0.7682 


0.2412 
0.2183 
0.1944 
0.1621 
0.1927 
0.1281 
0.0918 
0.0757 


0.022(H- 
0.0009- 
0.0248- 
0.0671- 
0.1117+ 
0.0471+ 
0.0108+ 
0.0053- 


(<) 


0.7301 


00810 


4 


6th « 0.7617 


0.0682 


0.022a- 








6th '* 0.7482 


0.0487 


0.0823- 










7th " 0.7447 


0.0898 


0.0417- 










8th " 0.7427 


0.0839 


0.0471- 










9th " 0.7422 


0.0326 


0.0484- 








1 10th " 0.7407 


0.0286 


0.0626- 


Plaii 


qIv the 


results \ 


rSLT 


V with tTiA r^Ac 


iTAA nf f.y 


iA icmifinn. 



At the outset the residue may or may not weigh more than 
the theory requires for the known amounts of barium hydrox- 

* Am. Jour. 8ci.» ii, 70. Volume I, p. 
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ide and boric acid taken upon the assumption that the residue 
is barium metaborate and barium carbonate. This is obviously 
natuial if the carbon dioxide acts upon the barium borate as 
well as upon the excess of barium hydroxide ; for, it is to be 
expected that in the evaporation more or less of the free boric 
acid will volatilize, and that in the subsequent ignition the 
boric acid remaining will tend to recombine more or less com- 
pletely, replacing carbon dioxide. If the boric acid present 
were to recombine completely with the barium carbonate to 
form a metaborate, the final result would always be low by 
just the amount of free boric acid volatilized in the process 
of evaporation and ignition. The evidence of an experiment, 
however, in which 0.25 grm. of previously prepared barium 
metaborate was fused in contact with 0.5 grm. of barium car- 
bonate, resulting in a loss of 0.0871 grm., goes to show that 
the metaborate and carbonate of barium interact still further 
to liberate carbon dioxide. 

These results were so surprising in the light of the experi- 
ence of Morse and Burton that the question of the possibility 
of breaking up by carbon dioxide the barium metaborate 
already formed was put to the test directly. A known amount 
of barium hydroxide was taken in solution and to it added an 
amount of boric acid very little in excess of that theoretically 
necessary to form the barium metaborate. The solution was 
evaporated to dryness and the residue ignited. The weight 
obtained proved to be 0.0008 grm. less than the sum of the 
barium and boric oxides taken, doubtless because the slight 
excess of boric acid was somewhat volatile in the evaporation. 
The mass, presumably barium metaborate, was now dissolved 
as completely as possible in hot water, carbon dioxide was 
passed through the solution, the whole was evaporated, and 
the residue ignited and weighed. The increase in the weight 
showed that carbon dioxide had been absorbed, while a corre- 
sponding amount of boric acid had not volatilized. 

gXBL gnn. gRDu gnn. 

(5) 0.8377 0.2990 0.9491 0.9771 



^**^ 



«. 




1( 

S the increase i 
absorbed le: 



^ «««Bg to carbon dioxida ana. 5 

^^^m acid volatili^ 

«i<' '^ plain that bmnmmete.bo,ra.t^ . 
It % cMbon dioxide. The posBiV>Ui;^_. ^^composed in sol 

tion .ti action of carbon dioxide looig^^ ^n^ained, howeve 

^ . the meteboiate pta^tvcaHy x^^St*!^^ regulated as 

.^therefore, carbon dioxxd^ -waa p^f^^' J^ ^^T' 

K^^ .■ imtil no further precipitate ?^Z^ "^"^ ^® **™ 

^>0Ji !! niesent being in e^oe^ ot ^^ '^P^^ ^" ^^ 

^ V)an«J» P^ ^^ -that required to form 

^g^ 0.7^ ^-^^ ^-^TXO 0.1658 0.041S 

The variation of t^ xesxat fc,om the theory shows th 
1, these condationa ^e mefcaV>o^^ is not unaffected 
,j^^ dioxide, ttie leas t>euig avte, of course, to the escap 

toiio acid. 
An attempt vn& now maa© tttexref ore to gauge the amou 

of the carbon ^oxide mtrodncecl by means of an indicat< 

In experiment (1^ plaenolpb.th.aleia ^^a added to the solutic 

oi boric acid containing aa excess of barium hydroxide a: 

the current of ga« Nra» stopped, when the color of the in( 

cator disappeared. 



B|Of found* 
grm. 

0.1658 



'Welfiel&t of Tosidiie 
after tgnitioo. 





., 0.6820 
0.6788 
0.6720 
0.6700 
0.6656 
0.6680 
0.6609 



gnn* 
0.2011 
0.1911 
0.1742 
ai688 
0.1667 
0.1499 
0.1443 



KrroTa 



0.0488+ 
0.0888+ 
0.0169+ 
0.0116+ 
0.0006- 
0.0074- 
0.0130- 



This result is manifestly an improvement over those obtains 
without tlie careful restriction of the supply of carbon dioxid 
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A similar experiment, differing only in the single point that 
the carbon dioxide was made to act upon a boiling solution, 
resulted in like manner. 

In the light of these observations it is plain that a sufficiently 
prolonged action of carbon dioxide should result in the 
displacement of all the boric acid if that acid can be removed 
from the field of action as fast as it is liberated. Experiments 
were made which clearly demonstrate the truth of this 
hypothesis. A small side-necked flask was charged with a 
solution of boric acid (0.1143 grm.) and barium hydroxide 
(0.3227 grm.) in proportion to form the metaborate. The 
mass was brought nearly to dryness by distillation and methyl 
alcohol (15 cm^) added. Through this flask, in which the 
alcohol was kept boiling by a Bunsen burner, was passed the 
vapor of methyl alcohol, while carbon dioxide, purified by a 
neutral solution of silver nitrate, bubbled continually through 
the entire system. The methyl alcohol vapor coming from the 
side-neck flask was kept lighted by contact with the flame of 
a Bunsen burner and the distillation continued for two hours 
until the flame showed not the slightest tinge of green. The 
residue in the flask originally containing barium metaborate 
was brought to dryness and tested for boric acid. Only a 
trace was found, and this was thought to be due to inclusion 
by the insoluble barium carbonate. In a similar experiment 
in which borax was used instead of barium borate, no trace of 
boric acid was found in the residue of sodium carbonate, either 
by turmeric or the flame test, while the distillation wa^ 
continued only one-half the time of the preceding experiment. 
This result is quite in harmony with the views of P. 
Georgevic* to the effect that the large absorption of carbon 
dioxide in solutions of borax indicates that the boric acid is 
displaced from its union with the base. 

Obviously, the division of the base between boric acid and 
carbonic acid falls under the principle of mass action, and if 
the boric acid is taken in sufficient excess over the barium 
hydroxide, the action of the carbonic acid should be inappreci- 

* Jour. prak. Chem. zzxriii, 118. 
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XV 

FURTHER SEPARATIONS OF ALUMINUM BY 

HYDROCHLORIC ACID. 

Bt FBANKE STUABT HAYEKS.* 

Ik former papersf from this laboratoiy methods have been 
described for the separation of aluminum from ferric iron, and 
from beryllium, based on the insolubility of the hydrous 
aluminum chloride in a mixture of equal parts of aqueous 
hydrochloric acid and ether saturated with hydrochloric acid 
gas, the ferric and beiyUiimi chlorides being exceedingly 
soluble in this mixture. 

It was the purpose of the investigations herein described to 
discover how far this process could be extended, with certain 
modifications, to cover the separation of aluminum from such 
other metals as might occur with it, either in artificially 
prepared alloys or in naturally-occurring compounds. 

The aluminum used in all the following experiments was in 
the form of a solution of the chloride. This chloride was 
purified, as previously described,^ from iron by precipitation 
with hydrochloric acid, and from the alkalies by precipitation 
as the hydroxide and continued washing with water until the 
washings gave no test with silver nitrate. The hydroxide 
thus obtained was dissolved in hot hydrochloric acid to get it 
into the form of the chloride. The chloride solution was 
standardized by precipitating weighed portions with ammonia 
and weighing as the oxide. 

* From the Am. Jour. Sci., yi, 46. 

t Gooch and HaTens, Am. Jour. Sci., vol. ii, p. 416. This Tolume, p* 20 ; 
Hayens, Am. Jour. ScL, vol., iv, p. 111. This yolume, p. 47. 
) Loc. cit 
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nitrate I7 repeated evaporation with nitric acid the salt could 
be ignited directly to the oxide with satisfactory results. This 
is shown clearly in Table I, (3) to (5). In experiments 
(S) and (4), zinc oxide was dissolved in nitric acid and the 
nitrate ignited again to the oxide. In experiment (5), the zinc 
oxide was first dissolved in hydrochloric acid and the chloride 
thus obtained was converted to the nitrate by evaporating the 
solution (5 cm^) with nitric acid (2 cm"), treating the residue 
with nitric acid (2 cm') and evaporating to dryness. 



Eip. 


<ihloil(l>. 
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Imr. 


J^ 


,si 


bTor. 


Erm 

mitwud. 


mm. 




grm. 


gna. 


tim. 


gim. 


gim. 
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0) 
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0.0680 


0.0677 


0.000s- 


0.1031 










(3) 








0.1019 


o.io'ia 


o.o6d»- 






(4) 








0.1010 


0.1007 


0.0003- 






(&) 








0.1100 


0.1006 


0.0005- 






(6) 


0.0672 


0.0672 


0.0000 


0.1014 


0.1027 


o.ooia^ 


0.0067- 


12 


(7) 


0.0603 


0.0660 


0.0013- 


0.102a 


0.1038 


0,0012+ 


0.0008- 


16 


(8) 


0-0677 


0.0578 


0.0001- 


0.1000 


aioi4 


00014+ 


0.0006- 


16 


(B) 


0.0669 


0.0568 


0.0001- 


0.1020 


01086 


0.0016+ 


0.0006- 


18 


(10) 


0.0663 


0.0650 


0.0007- 


0.2024 


0.2040 


0.0022+ 


0.0002+ 


20 


(U) 


aim 


0.1107 


00004- 


0.2092 


OJillO 


0.0024+ 


0.0004+ 


20 



In Table I, (6) to (11), are given the results of experiments 
in which both the aluminum and zinc were determined, — the 
former, as described, by precipitating as the hydrous chloride 
and weighing as the oxide, and the latter by carefully evapo- 
rating the strongly acid filtrate (best with a small current of 
air playing on the surface of the liquid to avoid spattering due 
to the too violent evolution of the ether and gaseous acid) and 
finally converting the chloride through the nitrate into the 
oxide. It is, of course, absolutely necessaiy that the treatment 
with nitric acid shall be thorough, so that no zinc chloride may 
remain to volatilize when the residue is ignited. On account 
of the danger to platinum from the aqua regia generated by 
the action of nitric acid on zinc chloride, the evaporations of 
the filtrates from the aluminum chloride and the treatment 
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alumiiiiim and zinc. Aluminum chloride is precipitated 
quantitatiyelj in the presence of pure salts of these elements 
as shown in experiments of Table II. 

In determining the copper in the acid filtrate it was found 
advantageous to weigh as the oxide, but to arrive at that 
condition through the sulphate rather than through the nitrate 
(which was the transition salt in the case of zinc), as this 
process can be carried on safely in platinimi. 

In Table II, (10)-(18), are given results of experiments in 
which the aluminum was determined as previously described 
by precipitation as the hydrous chloride and conversion to the 
oxide. The acid filtrate was evaporated in platinum and the 
copper determined by treating the residue with a few drops of 
strong sulphuric acid, heating gently to drive off the excess of 
sulphuric acid, and then igniting the sulphate to the oxide at 
a red heat. That the copper sulphate is converted to the 
oxide by ignition at a red heat over a Bunsen burner is shown 
in expeiiments (7) to (9) of Table 11. 



XVI 

THE lODOMETRIC DETERMINATION OF 

MOLYBDENUM. 

Bt F. a. GOOCH awd JOHN T. NOBTON Jb.» 

A PROCESS for the iodometric determination of molybdic ac 
which consists in treating a soluble molybdate in a Buns 
distillation-apparatus with potassium iodide and hydrochloi 
acid, has been advocated by Fiiedheim and Euler.f Accoi 
ing to this process the molybdate, containing from 0.2 gn 
to 0.3 gim. of molybdenum trioxide, is treated with fro: 
0.5 gnn. to 0.75 grm. of potassium iodide and enough hydr 
chloric acid, of sp. gr. 1.12, to fill two-thirds of the flask ( : 
the apparatus. The liquid is warmed until heavy vapors c : 
iodine fill the flask and then boiled until iodine vapor is n; 
longer visible and the color of the liquid residue is a cleai 
green. The iodine liberated is collected in the distillate 
and titrated with sodiimi thiosulphate, every atom of iodim 
found indicating presumably the reduction of a molecule o: 
molybdic acid to the condition of the pentoxide MosOb. 

It was pointed out in a former article from this laboratory,^ 
that greater precaution than was taken by Friedheim anc 
Euler is necessary in order that the reduction may proceec 
according to theory, and that the iodine collected may serve 
as a reliable measure of the molybdic acid. It was founc 
that the green color of the liquid comes gradually and thai 
it may develop distinctly before tiie molybdic acid is f ullj 
reduced. It was foimd, also, that since even a trace o: 
oxygen liberates iodine from the hot mixture of potassiun 

• From Am. Jour. Sd., yi, 168. 

t Ber. BtBch. chem. GkB., zzviii, 2066. 

t Gooch and Fairbanks, Am. Jour. ScL, ii, 166. Volume I, p. 876. 
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iodide and hydrochloric acid of the strength employed, it is 
not sufficient to rely upon the volatilization of iodine to 
expel the air originally in the apparatus, but that it is 
essential to conduct the distillation in an atmosphere devoid 
of oxygen. The suggestion was made therefore that the 
operation should be carried on in a current of carbon dioxide 
and that the mixture, constituted definitely, should be boiled 
between stated limits of concentration which were determined 
by experiment. It was f otmd that when amounts of a soluble 
molybdate containing less than 0.8 grm. of molybdenum 
trioxide are treated with potassium iodide, not exceeding the 
theoretical proportion by more than 0.5 grm., and 40 cm^ of 
a mixture of the strongest hydrochloric acid and water in 
equal parts, the reduction proceeds with a fair degree of 
regularity and is practically complete when the volume has 
diminished to 25 cm^. If the operation is properly conducted 
in an atmosphere of carbon dioxide, it was shown that the 
iodine in the distillate may be trusted to indicate the molybdic 
acid within reasonable limits of accuracy. It appeared, how- 
ever, that too great an excess of potassium iodide tends to 
induce excessive reduction, and that the same tendency 
shows when the liquid is concentrated to too low a limit. 

To this criticism Friedheim took exception ♦ and contrasted, 
to their disadvantage, our results by the modified method 
with those of Friedheim and Euler by the original method. 
It became necessary, therefore, to point out f the fact that 
of the results published by Friedheim and Euler, upon which 
reliance was placed to prove the reliability of their method, 
five out of seven in one series and one out of five in another 
series had been calculated incorrectly from data given. 
Another series of six determinations was, however, apparently 
faultless in this respect More recently % Euler has explained 
that the errors were not really arithmetical. Two of them 
may be presumed, inferentially, to be due to careless copying 

* Ber. Dtsch. chem. Ge8., xziz, 2081. 
t Oooch, Am. Jour. ScL, iii, 237. 
X Zeit anorg. Chem., zt, 461. 
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liBving been adjusted to secure the formation of the hydrous 
magnetic oxide of iron. The filtrate from the iron hydroxide 
gave on evaporation and crystallizatiou potassium iod^ which 
was free from iodate. 

The hydrochloric acid was taken of sp. gr. 1.12, because 
this is the strength used by Friedheim and Euler. 

The sodium thiosulphata employed was taken in nearly 
decinormal solution, and was standardized by running it into 
an approximately decinormal solution of iodine which had 
been determined l^ comparison wiUi decinormal arsenious 
acid made from carefully re-sublimed araenious oxide. We 
chose this method of standardizing — the introducdon of the 
thiosulphate into the iodine — rather dian the reverse opera- 
tion, in order that the conditions of the actual analysis m^ht 
be followed in the standudization. 

The distillation apparatus was constructed with sealed or 
ground joints of glass wherever contact with iodine was a 
possibility. It was made by 
sealing together a separating 
funnel A, a 100 cm' Voit 
flask B, a Drexel wash-bottle 
C, and a bulbed trap g, as 
shown in the figure. Upon 
the side of the distillation- 
flask B was paated a gradu- 
ated scale by means of which 
the volume of the liquid 
within the flask might be 
known at any time. Carbon 
'^ *^ dioxide, generated in a Kipp 

apparatus by the action of 
dilute hydrochloric aeid (carrying in solution cuprous chloride 
to take up free oxygen) upon marble previously boiled in 
water, was passed through t^e appatatus before and during 
tlie operation, so that it was possible to interrupt the process 
of boiling at any point of concentration, to remove the receiver 
by easy manipulation, to replace the receiver, and to continue 
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^?ashed off into the receiver, and the end of the tube was 
dipped immediately into a solution of potassiimi iodide. The 
constant flow of carbon dioxide prevented reflux of air during 
the transfer, and as soon as the end of the tube had been 
submerged in the solution of potassium iodide (which was 
employed not only as a water-seal, but to catch any iodine 
still carried in the gas), it was possible to reduce the rapidity 
of the current. 

After titrating the iodine in the distillate the receiver was 
again placed in the train and the process of distillation was 
resumed under the former conditions and continued until the 
volume of the liquid, as indicated upon the scale, had dimin- 
ished to 25 cm^ when the distillation was interrupted. The 
apparatus was manipulated as before to prevent access of air, 
and the iodine evolved in the second treatment determined. A 
third period of distillation served to show the iodine liberated 
during the concentration of the liquid from 25 cm^ to 10 cm^ 

During the first period of distillation the liquid assimied the 
clear green color, which changed but slightly until the begin- 
nmg of the third period, when the tint verged upon olive, and 
at the end of the operation the color of the liquid was an 
olive brown which grew browner on cooling. The addition 
of considerable hydrochloric acid to the residual liquid re- 
stored the clear green color, while water changed the olive 
brown to reddish yellow, the tint varying with the dilution. 
The results of these experiments are recorded in (1) to (5) of 
the accompanying table. In division A are given the weights 
of molybdenum trioxide corresponding to the amounts of 
iodine found in the three stages of distillation; in division B, 
the molybdenum trioxide corresponding to the iodine evolved 
from the beginning of the process to the end of each stage. 

The mean error of the indications taken during the period 
of distillation advocated by Friedheim and Euler is 0.0045 
grm. — ; * that of the period of concentration from 40 cm^ to 

* ETen thiB figure does not disclose the full error, which is partly counter- 
balanced, as wiU appear later, by the effect of oxygen dissolred in the acid 
used in the process. 
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excess of that theoretically required. This is shown in exper- 
iments (6) and (7), conducted otherwise similarly to those 
described above, in which the amount of potassium iodide was 
increased to 1 grm. and 2 grms. The error after distilling 
from 40 cm^ to 10 cm*, the lowest limit of the preceding ex- 
periments, was 0.0058 grm. + and 0.0040 grm. +» and the 
latter error was increased to 0.0074 grm.+ on repeating 
the distillation with a fresh portion (80 cm*) of the acid. It 
is interesting to note incidentally that in the experiment in 
which the largest amount of iodide (2 grms.) was used the 
solution did not take the green color at any stage of the dis- 
tillation, probably because the large excess of iodide held the 
free iodine and so masked the color until the degree of con- 
centration was reached at which the olive-brown color dis- 
places the green. 

The possibility of the interaction of atmospheric oxygen 
and gaseous hydriodic in the analytical process, even to the 
extent of producing errors of from one to three per cent 
reckoned as molybdenum trioxide, was recognized by Fried- 
heim and Enter ; and it was to obviate this difficulty that the 
recommendation was made by them to warm very gradually 
the distillation flask filled two-thiids with the mixture of 
iodide, molybdate, and acid, and to raise the liquid to actual 
boiling only when the space above the liquid in the retort and 
in the connecting tube is filled as completely as possible with 
iodine vapor, while the liquid in the receiver begins to rise in 
the tube. 

The action of atmospheric oxygen upon the solution of hydri- 
odic acid must, however, be also taken into account. It is a 
&miliar fact that when a considerable excess of strong hydro- 
chloric acid is allowed to act in contact with air upon potassium 
iodide (free from iodate) dissolved in a little water, the mix- 
ture is colored by free iodine. The amount of iodine liberated 
by atmospheric action is insignificant when the acid is very di- 
lute, but is considerable when the acid is strong, and increases 
with time and rise in temperature, as shown in the experiments 
recorded in the accompanying table. 
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trioxide. The use of acid of sp. gr. 1.1, freshly boiled in the 
air, obviously reduces the error due to the unboiled acid, but 
even in this case the effect of included oxygen was not wholly 
obviated. 

It is obvious that the procedure recommended by Fiiedheim 
and Euler can by no possibility eliminate the effect of atmos^ 
pherio action upon the mixture of acid and iodide. The 
extent of such action must depend upon such conditions as the 
size of the apparatus, the time of exposure, the body of air 
above and dissolved in the liquid, and the rate of displacement 
of the air. How great the error due to atmospheric action 
actually was in the process as conducted by Friedheim and 
Euler we, of course, have no means of knowing. It is to be 
hoped, however, that it was sufficiently great to counterbalance 
that other inevitable error (of about five milligrams) which 
exists by reason of the incompleteness with which molybdic 
acid is reduced under the conditions which these investigators 
prescribe ; for, the value of Euler's work upon the vanadio- 
molybdates rests upon the chance that these two very 
considerable and indisputable tendencies to error may have 
neutralized one another. 

It has been shown clearly that our former criticism of the 
procedure of Friedheim and Euler is justified in every par- 
ticular. We have no change to make in the recommendation 
made therein as to necessary modifications. 

If the conditions seem difficult, there is an alternative in 
the method proposed in the former article,* according to 
which the molybdate is reduced by the acid and iodide in an 
Erlenmeyer beaker (trapped loosely by means of a short 
bulbed tube hung in the neck) and the molybdenum pentoxide, 
freed from iodine by boiling, is reoxidized by standard iodine 
in alkaline solution. 

* Am. Jour. ScL, ii, 166. Volume I, p. 875. 
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ON THE DETERMINATION OF MANGANESE 
AS THE PYROPHOSPHATE. 

By p. a. GOOCH and MARTHA AUSTIN.* 

Fob the estimatioii of manganese in a grayimetric way when 
accuracy is a consideration, recourse is usually taken to the 
excellent method of Wolcott Gibbs.t This method consists in 
the precipitation of a manganous salt by an alkaline phosphate, 
the conversion of the tribasic phosphate into the ammonium 
manganese phosphate, and the weighing of the product of 
ignition as the pyrophosphate. 

By Gibbs' original method the orthophosphate of manganese 
was precipitated by hydrogen disodium phosphate in large 
excess above the quantity required to cause the precipitation. 
The flocky white precipitate was dissolved either in sulphuric 
or hydrochloric acid, and precipitated again at the boiling 
temperature by ammonia in excess. This semi-gelatinous 
precipitate on boiling or long standing even in the cold becomes 
crystalline, the crystals forming beautiful talcose scales which 
have a pearly luster and a pale rose color. The precipitate 
was filtered off, washed with hot water, dried and ignited. The 
results obtained by Gibbs' students for the pyrophosphate 
accord closely with the theory. 

Fresenius X showed subsequently that ammonium manganese 
phosphate dissolves in cold water, in hot wUter, and in an 
aqueous solution of ammonium chloride [1 : 70] to the extent 
of 1 part in 82,000, 1 part in 20,000, and 1 part m 18,000, 
respectively. It is clear, however, that the solubility of this 

• From Am. Jour. Sci., ri, 233. 
t Am. Jour. Sci., xUy, 216. 
X Zeitschr. anal. Chem., yi, 416. 
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precipitate is not indicated necessarily by the proportions 
given so long as an excess of the precipitant is present during 
the washing, though Fresenius did find in the filtrate traces 
of manganese which to his mind were sufficient to account 
for losses indicated by his test analyses, viz., one to three 
milligrams of oxide, or from two to six milligrams of 
phosphate. 

Another mode of manipulation has been advocated by Blair * 
in order that the precipitate may be obtained more easily in 
crystalline condition. According to this method dilute anmionia 
is added drop by drop to the hot acid solution until the precipi- 
tate begins to form, the boiling and stirring are continued, 
until the small amoimt of flocky precipitate is converted 
completely to crystalline condition, and the process of adding 
ammonia drop by drop is repeated until the manganese is aU 
down in ciystalline condition. The dilute ammonia is added 
in excess and the Uquid filtered after cooling in ice water. 

In discussing these methods of precipitation, McKennaf 
points out that both give good and accordant results, and that 
the process may be carried on in glass as well as in platinum, 
if the time of crystallization is made short enough. 

When a manganous salt is precipitated in the cold by an 
excess of an alkaline phosphate, it falls, as Heintz % has shown, 
in the form of the trimanganous phosphate of the formula 
MnsPsOs. This same phosphate constitutes, as we have found, 
the greater part of the precipitate which forms when a man- 
ganous salt reacts in the cold in the presence of ammonium 
chloride with microcosmic salt and ammonia in slight excess. 
Boilmg or even subsequent standing may, as is well known, 
effect a more or less complete conversion of the manganese 
phosphate to the ammonium manganese phosphate. Thus, in 
one experiment in which an amount of manganous chloride 
enough to produce 0.2214 gram of the pyrophosphate was 
precipitated in the cold by 5 cm^ of a saturated solution of 
microcosmic salt, with the subsequent addition of ammonia 

* The Chemical Analysis of Iron, 106. t Jour. Anal. Chem., y, 141. 

} Ann. Phys.i cl, 440. 
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in excess, in a volume of 200 cm' containing also 6 grams of 
ammoniiun chloride, the residue after ignition weighed 0.1904 
gram. Presuming this residue to consist entirely of the 
pyrophosphate and the trimanganous orthophosphate, the pro- 
portion of the former to the latter calculated from the relation 
of symbols, and the weights taken and f oimd, is nearly one to 
six. That is to say, about sixHsevenths of the precipitate feU 
in this experiment in the form of the tribasic orthophosphate. 
In another experiment made exactly similarly, excepting 
that the liquid was heated to boiling, the proportion of the 
manganese pyrophosphate to the trimanganous orthophosphate 
in the only partially crystallized precipitate proved to be two 
to one. That is, in this case, two-thirds of the precipitate was 
in the form of the pyrophosphate. In the former of the 
experiments a small amount of manganese was found in the 
filtrate, but not enough to change materially the ratio recorded. 
The slight solubility appears to be connected with the incomplete 
conversion of the trimanganous phosphate to the ammonium 
manganese phosphate, for as will appear later, the manganese 
found in the filtrate, when the conversion is known to be 
nearly complete, is inappreciable unless extraordinary amounts 
of the ammonium salt are present. The success of the analytical 
process under discussion turns, therefore, upon the change of 
the trimanganous phosphate MusPsOg to the ammonium man- 
ganese phosphate NH4MnP04. In the work to be described 
the attempt was made to learn the conditions under which this 
conversion may be best and most completely accomplished. 

The conversion of a molecule of trimanganous phosphate 
to the ammonium manganese phosphate might be due, con- 
ceivably, either to the action of free ammonia or to the action 
of a salt of ammonium. The action of ammonia could only 
take place at the expense of a partial loss of manganese from 
the phosphate and its appearance as a hydroxide, two-thirds 
of the manganese going into two molecules of the ammonium 
manganese phosphate. In the presence of ammonium salts 
it is possible that the manganese oxide thus replaced might 
enter into union with the acid radical of the ammonium salt 
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setting free ammonia ; but if the ammonima salt present were 
the phosphate, or if an alkaline phosphate were present wit^ 
other suitable ammonium salts, it is conceivable that Hie 
replaced manganese might appear as a constituent of a third 
molecule of ammonium manganese phosphate. In any event, 
it would be the ammonium salt and not the free ammonia 
which would determine the formation of the third molecule 
of the ammonium manganese phosphate. Plainly, too, the 
ammonium salt by itself, if it were a phosphate, or if a soluble 
phosphate were also present, might accomplish the conversion 
without the intermediate action of free ammonia. Unless, 
therefore, free ammonia favors the insolubility of the ammo- 
nium manganese phosphate, its presence would be unnecessary 
and might even be an actual disadvantage if the hydroxide 
naturally formed by its action upon the manganese phosphate 
were to fail to reunite fully with a phosphoric acid tadicaL 
It is plain, too, that the action of free ammonia might not 
stop with the replacement of one out of the three of the 
manganese atoms present in the molecule, hut might even 
proceed under favorable conditions to the formation of phos- 
phate richer in ammonium and to the separation of more 
manganese from its union with the acid radical. As a matter 
of fact Munroe * has shown that the prolonged action of hot 
ammonia upon the precipitate produced by Uie interaction of 
manganous salt and an alkaline phosphate does actually 
oduce a hydroxide which blackens as it takes oxygen from 
e air. Our attention has been given, therefore, more 
peciaUy to a study of the conditions of action under which 
salt of ammonium — the chloride — may bring about the 
nversion of the precipitate first thrown down by an alkaline 
losphate to the form of the anmionium manganese phosphate. 
cperiments were made upon solutions of pure manganouB 
loride prepared and standardized by means of the sulphate 
Bthod, as described in a former paper, f to show the effect 
varying amounts of ammonium chloride on the condition 

This Toliune, p. 77. 
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of the precipitate and upon the solubility of the precipitate 
when once formed. The ammoniom chloride for this work 
was prepared pure h^ boiling the chemically pure salt of 
commerce with a faint excess of ammonium hydrate and 
filtering — to free it from traces of iron, silica and alumina. 
In the first series of experiments dilute ammonia was added 
slowly to the hot faintly acidulated solution containing the 
manganous chloride and more than enough, theoretically, of 
a saturated solution of microcosmio salt to precipitate the 
manganese present. The liquid was heated and stii^^ ontal 
the flocky mass was changed to a crystalline condition. The 
addition o£ ammonia drop by drop, with constant stirring and 
heating, was continued until the manganese was all precipi- 
tated in CTystalline fonn. A slight excess of ammonia was 
added and the liquid with the precipitate was allowed to 
stand for a half hour, cooling gradually or dulled in ice 
water. The precifntate was filtered off on asbestos under 
pressure, washed carefully in water made &intly ammoniacal, 
dried and ignited. The filtrates were tested for manganese 
by treatment with bromine and heating. The results of these 
experiments are given in the following table. 

TABLE I. 



■^iftX^ 



mfHJInF 



taUtnU. 



0.8770 
0.8770 
0.4033 



0.3761 

0.3774 
0.3S71 



0.0264- 
0.0806- 
0.0240- 
0,0160- 
0.0282- 
0.0269- 
0.016a- 
0.0160- 



0.0118- 
O.0O0O- 
0.0068- 
0.0109- 

aoioo- 
o.ooea- 
o.ooaa- 






In this method of precipitation of the manganese 
Bolution of a manganous salt the results are all wro 



• ClaiUed in Ice-water. 
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proportion of the trimanganous phosphate to the pyrophos- 
phate in the residue, calculated from the symbols and the 
weights taken and found, is in the average two to five. 
That is to say, five-sevenths of the trimanganous phosphate 
has been converted to the f onn of the ammonium manganous 
phosphate. 

The precipitate obtained in this manner is white and granu- 
lar but not silky, and after ignition it shows the same dead 
white color, and is powdery. Evidently the regulation of the 
volume in which the precipitation is made is not essential, 
and the chilling of the liquid is of no importance in changing 
the manganese to the ammonium manganese salt tmder the 
given conditions. It is plain, moreover, that the assumption 
of a ciystalline condition cannot serve as an indication that the 
composition of the salt is ideal. It is to be noted, however, 
that the conditions obtaining here are essentially different 
from those in common practice; for, ordinarily, when man- 
ganese is to be determined ammonium salts are abundantly 
present as the result of previous steps in analysis. 

In the experiments of the next series the conditions are 
varied simply in this respect, that ammonium salts are in- 
troduced before the precipitation. The precipitate was less 
granular and more silky. After ignition the mass was white 
with a faint rose color. In the experiments of section A of 
the table the precipitate first thrown down was redissolved, 
reprecipitated and filtered after cooling; in those of section 
B, the precipitate was filtered after cooling without re-solution 
and without reprecipitation ; and in those of section C, the 
first precipitate was filtered at once while the solution was 
still hot. The length of digestion before filtering and the 
indications of manganese in the filtrate are recorded in the 
table. 

It was observed in these experiments that when the amount 
of ammonium chloride is present in considerable quantity a 
fine crystalline condition is got much more readily than when 
the amount of that salt is small: with maximum amounts of 
ammonium chloride the change from the flocky to the crystal- 
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TABLE IL 



knttotbeHnClt. 


Xrrorin 
terms of 
lIn,P,<V 


Bntir in 
terms of 


Batorated 

solution of 

HNaNH«PO«. 


jsm^OL 


Total 
Tdlome. 


Time of m-«--« 
•^ eaeiSuie 


T^tma. 


Tonnd. 


A. 




gnu* 


gzm. 


gim. 


cm* 


grm. 


em^ 


hn. 


0.1542 


0.1520 


0.0022- 


0.0008- 


5 


5 


200 


15 None. 


0.1642 


0.1540 


0.0002- 


0.0000 


6 


10 


200 


15 None. 


0.1542 


0.1586 


0.0006- 


0.0002- 


5 


10 


100 


5 None. 


0.1542 


0.1585 


0.0007- 


0.0002- 


6 


20 


200 


c 
i 


SI None. 


0.8770 


0.8712 


0.0058- 


0.0022- 


5 


20 


200 




None. 


0.8770 


0.8724 


0.0046- 


0.0018- 


6 


20 


200 




None. 


0.8084 


0.8069 


0.0015- 


0.0006- 


5 


40 


200 


l' None. 


0.8084 


0.8060 


0.0024- 


0.0009- 


5 


40 


200 


1 None. 


0.8084 


0.8050 


0.0025- 


0.0009- 


5 


40 


200 


15 Trace. 


0.8084 


0.8057 


0.0027- 


0.0010- 


5 


60 


200 


15 None. 


0.1542 


0.1521 


0.0021- 


0.0008- 


iS. 

6 


10 


100 


4C 


) None. 


0.1542 


0.1512 


0.0080- 


0.0010- 


5 


10 


200 


4C 


) None. 


0.1542 


0.1582 


0.0010- 


0.0008- 


6 


20 


200 


11 


» None. 


0.1542 


0.1531 


0.0011- 


0.0004- 


6 


20 


100 


11 


> None. 


0.8770 


0.3720 


0.0060- 


0.0019- 


5 


20 


200 


1 
1 


\ None. 


0.8770 


0.8745 


0.0085- 


0.0014- 


5 


20 


200 


None. 


0.1542 


0.1519 


0.0028- 


0.0009- 


6 


15 


200 


• 1 


None. 


0.1542 


0.1580 


0.0012- 


0.0004- 


5 


20 


200 


. 


None. 


0.1542 


0.1525 


0.0017- 


0.0007- 


5 


30 


200 


. i 


None. 


0.8084 


0.8020 


0.0064- 


0.0025- 


5 


10 


200 


• 


None. 


0.8084 


0.8058 


0.0031- 


0.001^ 


5 


20 


200 


. 1 


None. 


0.8084 


0.8038 


0.0051- 


0.0020- 


5 


20 


200 


. < 


None. 


0.8084 


0.8039 


0.0045- 


0.0017- 


6 


60 


200 


. 4 


Trace. 



line condition is almost immediate; even in the cold the 
change takes place to a marked extent in a few seconds. No 
manganese was found in the filtrate by boiling with bromine 
and ammonia — a test which is capable of indicating 0.0001 
grm. of manganous sulphate in 500 cm^ of water containing 
60 grm. of ammonium chloride — until the ammonium chlo- 
ride amounted to 20 per cent of the mass, or to 40 grm. 
in 200 cm^ of the liquid^ and even then but once in three trials : 
even when the proportion was 80 per cent — 60 grm. in 200 
cm^ — the solvent action of the ammonium chloride upon the 
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manganese ealt was trifling. The pyrophosphate residues 
obtained in these experiments, as well as in all those recorded 
in this paper, were dissolved in nitric acid and tested for 
contamination by a chloride ; in no single case did silver nitrate 
produce more than an inappreciable opalescence in the solution. 
It is plain, therefore, that the variations of the results from 
theory are occasioned by variation in the degree of conversion 
of the trimanganese phosphate to the ammonium manganese 
phosphate, and that, while the ammonium chloride shows no 
appreciable solvent action on the precipitate in the presence of 
the precipitant, its effect in the process of conversion is plainly 
evident. For the smaller amounts of the manganese salts 
(equivalent to 0.1542 grm. of the pyrophosphate) the effect 
of the ammonium chloride reaches a maximum when that salt 
amounts to 10 per cent of. the solution ; for twice that amount 
of manganese salt, the best results were obtained by doubling 
the amounts of ammonium chloride. Either Une of treatment 
yields under the most favorable conditions, results which are 
passably good, but the advantage inclines slightly to the first 
method in which the first precipitate was dissolved and 
reprecipitated while the liquid was cooled before filtering. 

TABLE m. 



•^iMT"* 


Bnor in 
tenna 

of UN,? A- 


Bnor 

intennB 

of 

JTinginMn. 


Butiintod 

aolution of 

HNaNlL 

P0«.4H^. 


NHcCl. 


Total 


Ifwigmnme 

IntiM 

flttnte. 


TUCMl. 


FMind. 


gnn. 
0.2214 
0.2214 
0.2214 
0.2214 
0.2214 
0.2214 
0.2214 
0.2214 


grUa 
0.2202 
0.2202 
0.2191 
0.2191 
0.2191 
0.2186 
0.2186 
0.2192 


gnn. 
0.0012- 
0.0012- 
0.0023- 
0.0023- 
0.0023- 
0.002^ 
0.0028- 
a0022- 


gnn. 
0.0006- 
0.0006- 
0.0009- 
0.0009- 
0.0009- 
0.0011- 
0.0010- 
0.0009- 


on' 

6 

6 

6 

6 

6 

10 

20 

20 


gnu. 
20 
20 
20 
20 
20 
20 
20 
20 


cm* 
200 
200 
200 
800 
800 
200 
800 
800 


None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
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In Table HI are recorded results obtained by precipitating 
the cold acid solution of the manganese salt and the microco»- 
mic salt with a strong excess of ammonia. The mixture was 






£^«, five to *»^ 
tb«*f. t>®^ be becat>8« tJie p^^, 
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I^^^^ and filtered hot 

of ammoniuin 
e of the liquid 

osmic salt, 
toiy than those 
se by the method 
boiling tends to 
"tte fact is disclosed 
'without influence 
^»xa to 800 cm* is the 
^ of the process. 
^^Ixition of manganous 







of microcosmic 

^•^^Bline with ammonia. 

^^*^ 'was crystallized by 

Tlie results are given 



if^S^^ 



tabi;k 



error 

In terms 

ol 



ot 



^•^O.. 






032® 
0.1628 



grm* 

0.0021- 
0.00U- 

0.0022- 
0.0017- 
O.000W- 
0.0014- 



o.oooa- 

0.0004- 

O.OCK»— 
0.0007— 
0.0008+ 
0.0006— 



NQgOl. 



grm. 
6 
10 
16 
20 
20 
30 



Tbtal 
▼ohima. 



on' 
200 
276 
276 
276 
200 
276 



in the 
flltnte. 



None. 
None. 
None. 
None. 
None. 
None. 



• nee of ^^ aeries of experiments demonstrated 

rj^e ®^^^^ gage vriiih whicli the flocky precipitate is 

^iggxo. *^ cTYstsUiii® ammonium manganese phosphate 

ooTx^^^^^^ . ^ ^ ^e ammoniuin chloride present, and the 

^ pTOpo^ xesTilts for the phosphate when the ammonium 

xixeaii^®^^^ ^ 20 grams CO.OO07 gnn.) is considerabl- ^ — 

chlori^® '^^'^Ln etroT (0.0018 grm.) when the amount < 

^^"^ ^iTsalt ^ less than 20 grms. 

^^^jjjjj^oTuui** ^^^ ^^ made according to the modifications 



less 
the 



•V'Ol'* II 
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suggested by Munroey* viz., the boiling of the manganoos salt 
with an excess of microcosmic salt until the precipitate becomes 
ciystalline and just neutralizing with dilute ammonia ; but we 
have been imable to find the conditions of this treatment by 
which uniform results may be obtained in even moderate 
agreement with the theory. 

We have tried also the effect of substituting ammonium 
nitrate for ammonium chloride in the conversion process ; but, 
so far as our experience goes, the nitrate is not so effective 
weight for weight in producing the change of the trimanganous 
phosphate to the ammonium manganese phosphates, while 
the solubility of the product in the solution of the ammonium 
nitrate becomes appreciable more rapidly with the increase of 
the amount present than is the case when the ammonium salt 
is the chloride. 

In the light of the experiments described it would seem to 
be reasonable to expect the best results from the phosphate 
method for determiniog manganese when the conditions are 
so arranged that precipitation may take place in the cold 
solution in the presence of but littie free ammonia, and of 
enough ammonium chloride to bring about the rapid conversion 
of the precipitate to the crystalline condition* Under such 
circiunstances it should be possible to secure the conversion of 
the phosphate to the ideal constitution as completely as possible 
without danger of subsequent decomposition by the prolonged 
action of the hot free ammonia. In carrying out this idea, 
the solution of manganese chloride was treated as before with 
microcosmic salt and a large amount of ammonium chloride, 
the precipitate first formed was redissolved in hydrochloric 
acid and precipitation again brought about by the very careful 
addition of dilute ammonia in slight but distinct excess. The 
mixture was heated only until the precipitate became silky 
and crystalline, when it was allowed to stand and cool for a 
half hour. The precipitate was filtered off upon asbestos in 
a perforated platinum crucible under pressure, ignited and 
weighed. Table V comprises the results of experiments made 

• Loc. cit. 
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in this mamieT. In those of section A the precipitation was 
made in platdnum Tessels ; in those of section B the treatment 
was in glass. 



to HBO, 


Eimtia 


Rnoibi 


etmMI 




Total 








Jin^fir 




HH«Hh5«^ 


HB,01. 


In'tba 






lUncL 


FomkL 










gna. 


gta. 


grm. 


grm 


cm> 


grm. 


on* 




0.1685 


0.1003 


0.0018+ 


0.0007+ 


6 


20 


200 


None. 


ai886 


0.1910 


0.002&+ 


0.001Of 


6 


20 


200 


Hone. 


0.18S6 


0.1S13 


0.002a4- 


0.0011+ 


6 


20 


SCO 


None. 


0.1886 


0.1911 


0.0020+ 


0.00IOf 


5 


20 


200 


Hone. 


0,3770 


0.8776 


0.0006+ 


0.000^ 


6 


20 


200 


NODB. 


a3770 


0,3773 


0,0008+ 


0.0001+ 


li 


20 


200 


None. 


0.8770 


0.8778 


O.000ft+ 


0.0003+ 


6 


20 


200 


HOM. 


0.3770 


0.3788 


o.ooiaf 


0.0006+ 


6 


20 


200 


None. 




B. Iw 


Gum. 








ai886 


0.190* 0.001fti- 0.0007+ 


6 


SO 


200 


None. 


aiBse 


0.1898 0.001»f aOOOfrf 


6 


20 


200 


None. 


0.8770 


0.3767 0.0008- 0.0001- 


6 


SO 


200 


None. 


0J770 


0.3781 


0.0014+ 


0.000&f 


6 


SO 


200 


Hone. 



In this series of experiments the mean indication is, for the 
first time, in excess of the theory. Previously the error has 
been one of deficiency, and that in proportion to t^e amount 
of manganese handled, no doubt because the amount of uncon- 
verted trimanganese phosphate is proportioned to the entire 
amount of the phosphate. The positive error which is devel- 
oped in this last series of determinations is probably due to 
the appearance of the natural error of all precipitation pro- 
cesses — viz., the tendency on tiie part of ^e precipitate to 
include matter in solution. In the previous experiments this 
effect was doubtless obscured by the incompleteness of the 
conversion of the trimanganous phosphate to the ammonium 
manganese phosphate. Indeed it is quite possible tiiat even 
in die last detenninationB the conversion is not absolute, and 
that this is so suggested by the fact that the errors of excess 
are larger in the case of tlie smaller amounts of manganese for 
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which the conyeision thioughout the entire work has appeared 
to be more complete. From the consideration of the results 
tabulated and described it would seem to be obvious that not 
only is the presence of ammonium chloride not objectionable 
in this analytical process, which depends upon obtaining the 
ammonium manganese phosphate from the trimanganese phos- 
phate precipitated from a pure solution of manganese, but that 
its presence in not too small amount, or that of a substitute, is 
absolutely essential to make this conversion complete. For a 
given amount of manganese and a given volume of solution 
it seems essential that the amount of ammonium chloride 
should leach a certam limit. According to our experience 
the proportion of ammonium chloride to the pyrophosphate 
should be at least 50 : 1 ; or, speaking approxinmtely, more 
than 200 molecules of ammonium chloride must be present in 
the liquid (100 cm* or 200 cm®) to every molecule of the 
ammonium manganese phosphate to be formed. However, 
the quantity of the ammonium salt may be increased almost 
to the point of saturation of the liquid without causing more 
than a trifliBg solubility of the ammonium manganese phoB- 
phate in the presence of an excess of the precipitant. The 
statement of Fresenius and Munroe that ammonium manganese 
phosphate is soluble in ammonium chloride does not hold if 
there is an abundance of the soluble precipitating phosphate 
present. Further, our experience goes to show that the pre- 
cipitate may be washed with perfect safety with pure water as 
weU as with sHghUy ammoniacal water, or with ammoniacal 
water containing anmionium nitrate, if the filtration is per- 
formed rapidly and the precipitate is gathered in small space, 
as is the case when the phosphate is collected on asbestos in 
a perforated crucible. The finely granular precipitate which 
may be obtained by slow action of dilute ammonia added 
gradually to the hot solution of the manganese salt apparently 
includes a portion of unconverted phosphate which resists the 
replacement of the manganese by ammonium. On the other 
hand, the precipitate of flocky condition thrown down in the 
cold passes easily to the silky and crystalline condition when 
heated with the proper amount of ammonium salt and pos- 
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Besses a constitution approaching the ideal under aach condi- 
tions. The conversion of the flocky manganous phosphate is 
so rapid that the precipitation may be carried on safely in 
glass vessels. If the ammonium chloride in the solution were 
to be included in the precipitate it would volatilize entirely 
during the ignition, leaving no trace unless, possibly, a por- 
tion of its chlorine weie to combine with t^e manganese. 
Tests for chlorine in the residue of pyrophosphate resulted 
negatively — do more than a mere trace being found in any 
case, so that the contaminating effect of the ammonium chlor- 
ide proves to be insignificant and the responsibility for the 
increase in weight above the theory must apparently rest with 
the included microcosmic salt 

In the practical detennination of manganese by the phos- 
phate method of Gibbe, therefore, we advocate strongly the 
presence of large amounts of ammonium chloride. Good 
results may be obtained by the method of precipitation ori^- 
naUy laid down by Gibbs, or by the modification proposed 
iFy Blmr, if the ammonium salt is present in sufBcient quantity. 
On the whole trustworthy results are obtained most easily and 
surely, according to our experience, by following the method 
of the experiments of Table V. The slightly acid solution, 
containing in a volume of 200 cm" (in platinum or glass) an 
amount of manganese not more than enough to make 0.4 gtm. 
of the pyrophosphate, 20 grm. of ammonium chloride and 6 
to 10 cm* of a cold saturated solution of microcosmic salt, is 
precipitated in the cold by the careful addition of dilute 
ammonia in only slight excess. The mixture is heated until 
the precipitate becomes silk; and crystalline, the whole is 
allowed to stand and cool a half hour, the precipitate is col- 
lected upon asbestos in a perforated platinum crucible, washed 
(best with slightly ammoniacal water), dried at gentle heat 

aud ignited as osoaL By this process determinati * **■- 

larger amounts of manganese — 0.4 grm. of tlie pyrt 
— approximate rather more closely to t^e theoreti 
than do those of tiie smaller amounts — 0.15 grm. 
case the average error should not exceed 0.0010 gn 
of manganese. 
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ON THE DETECTION OF SULPHIDES, SULPH- 
ATES, SULPHITES AND THIOSULPHATES IN 
THE PRESENCE OF EACH OTHER. 

Bt PHILIP E. BROWNING and ERNEST HOWE.* 

Some three years ago R. Greig Smith f published a method 
for the detection of sulphates, sulphites and thiosulphates in 
the presence of each other, which promised much toward the 
solution of this most difficult problem. The method may best 
be described in the author's own language : To a solution of 
the salts of the above mentioned acids ^^bariimi chloride is 
added in excess, together with a good quantity of ammonium 
chloride, which, like many salts of ammoniiun, potsussium and 
calcium, acts as a floccident or coagulant, and facilitates the 
filtration of the barium sulphate. Hydrochloric acid is next 
added, drop by drop, until it is evident that there is no further 
solution of barium sulphite and thiosulphate, and that only the 
sulphate remains undissolved; the solution is then filtered 
through a moistened double filter paper, which should be free 
from *pin holes.' The filtrate will probably be clear, but if 
not it should be returned to the filter for a second filtration. 
When too much thiosulphuric acid is present, the clear filtrate 
will visibly become clouded, or from being whitish will become 
more opaque; if this occurs the solution should be thrown 
out, and a fresh portion made more dilute. A solution of 
iodine is added to half of the filtrate until the color is of a 
permanent yellow tinge; a white precipitate indicates the 
presence of a sulphite which has been oxidized by the iodine 

* From Am. Jour. Sci., yi, 817. t Chem. News, Ixzii, 89. 
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to sulphate. In the absence of a decided precipitate traces of 
sulphite may easily be detected by comparing the treated and 
nntreated halves of the filtrate — a procedure which very often 
saves a good deal of time, as it is unnecessary to wait until a 
dear filtrate is obtuned. The two halves are mixed, and if 
the yellow color disappears more iodine is added, the solution 
filtered and the filtrate divided into two halves as before. 
With a slight turbidity filtration may be omitted. Bromine 
water is added to one of the halves when any thiosulphate in 
the oiiginal solution shows itself as a white precipitate of 
barium sulphate, readily seen on comparing the two test-tubes. 
The thiosulphate is by iodine converted to tetrathionato, which 
is oxidized by bromine water to sulphate." Three objections 
to this method as described will readily occur to the reader : 
first, the readiness with which the thiosulphate is decomposed 
by free hydrochloric acid ; second, the comparatively large 
amount of acid necessary to effect the complete solution of the 
barium sulphite and thiosulphate when precipitated with the 
sulphate as compared with the amount required to prevent 
the precipitation ; third, the lack of dehcacy necessitated by a 
comparison of portions of a colored solution in looking for 
small precipitates. The work to be described was undertaken 
to overcome these difficulties and to test the accuracy of a 
modified method. Solutions of potassium sulphite and sodium 
thiosulphate were made approximately decinormal and stand- 
ardized in the usual manner E^ainst an iodine solution of 
known value. It was found that by making a solution 
containing sulphates, sulphites, and thiosulphates very faintly 
acid, the sulphites and thiosulphates were held completely in 
solution when the barium sulphate was precipitated. The 
extreme sensitiveness of a thiosulphate to the decomposing 
action of free hydrochloric acid suggested the possible substi- 
tution of acetic acid to hold the sulpliites and thiosulphates 
in solution. This being a weaker acid, we hoped to a 
decomporation of the thiosulphate into sulphur and sul 
acid, or at least to delay the decomposing action. Th< 
of these experimente appear in the following table : 
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1) 


10 


3 




0.01 




10 






0.1 




100 






0.1 




10 




8 


0.01 




10 




8 


0.1 


t\ 


100 




10 


0.1 



No ralphnr Id SO minvtM. 
Snlpbnr in 46 lecoiidi. 
Sulphur in 16 tuliiate*. 
No snlphnr in 20 minute*. 
Sulphur In 90 teoondi. 
No •lUphnr ia 20 miaat««. 



From these results it would seem that the decompomdon of 
a thiosulphate is more rapid in presence of hydiocfaloric acid 
than in presence of a much lai^r amount of acetic acid. 

Oar next experiments were directed toward a determination 
of tlie effect of adding stamiouB chloride to bleach the color 
of the free iodine and bromine used in the oxidation aod of 
acidifying with acetic acid, before treating with barium 
chloride. That ia to say, the process as we used it, consisted 
in acidifying the solution to be tested with noetic acid, adding 
barium chloride, filtering to remove precipitated sulphate 
(always present in the sulphite), adding iodine to the filtrate 
until the color was permanent, bleaching with stannous 
chloride, filtering off the sulphate which represents the sul- 
phite originally present, adding bromine in excess to the 
filtrate and again bleaching with stannous chloride to increase 
the visibility of the sulphate which now represents the 
thiosulphate originally present. The details of experiments 
in which the sulphite was taken alone and oxidized with 
iodine are given in Table II. 

A corresponding series of experiments was made in which 
hydrochloric acid was substituted for acetic acid and essentially 
the same results were obtained. 

A similar series of experiments was made to test the effect 
of treatii^ the thiosulphate in an acidified solution, first with 
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TABLE n. 



Bsi^ 


i& 


YollIlllA 

of 
wmter. 


BftSOt pi«dplUtod 
wtthlodiiM. 


Bemurks. 


(1) 

(2) 
(«) 

is 


0.1 

0.01 

0.001 

0.0006 

0.0001 


CWr 

10 
10 
10 
10 
10 


Yexy abundant 

Abundant 

Distinct 

Fair. 

Faint 


Plainly Tisible before adding SnCl^. 
Plainly Tisibie before adding SnClt. 
More distinct after adding SnCIo. 
Hardly Tisible before adding SnCl^ 
Invisible before adding SnClt. 



iodine and then after filtration (if a precipitate had f onned) 
with bromine. In the experiments of division A hydrochloric 
acid (a few drops) was added before treating with barium 
chloride, and in those of division B acetic acid was used 
siinilarly. Stannous chloride was employed to bleach the 
excess of iodiae and bromine. 



TABLE m. 



Srp. 


'Sfi?' 


Volume 
of water. 


BaB04pra- 
olpitetod 
iKraotlaii 
otiodino. 


Mtlon 
of bromlno. 


Kmhsrlrs. 


A. 


(1) 

ill 


griu. 
0.1 
0.01 
0.001 
0.0005 
0.0001 


10 
10 
10 
10 
10 


DiBtinct 

Faint 

None. 

None. 

None. 


Abundant 
Abundant 
Distinct 
Faint 
Very faint 


Sulpbnr separated in 80 seconds. 
No sulphur in 90 seconds. 
No sulphur in several minutes. 
No sulphur; SnClf necessary. 
No sulphur ; SnCl^ necessary. 


1 


ii! 

(S) 
(4) 

(6) 


0.1 
0.01 

0.001 

0.0005 

0.0001 


10 
10 

10 
10 
10 


Faint 
None. 

None. 
None. 
None. 


Abnndant. 
Abundant 

Distinct 
Faint 
Very faint 


No sulphur separated in 1 minute. 
No sulphur separated in sereral 

minutes. 
No sulphur. 

No sulphur; SnCIt necessary. 
No sulphur; SnCl^ necessary. 



From these experiments the advantage of the use of acetic 
acid becomes apparent, as does also the use of stamious 
chloride in increasing the delicacy of this indication, so that a 
small fraction of a millignLm may easily be detected. 



i 
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If lelatively large amounts of thiosulphate axe present 
with small amounts of sulphite, we have sometimes found it 
advantageous to manipulate so that even the slow decom- 
position of the thiosulphate by acetic acid may be avoided 
by first attempting precipitation with barium chloride in a 
dilute ammoniacal solution. By this method the barium 
sulphate and sulphite are separated from the thiosulphate 
and identified — the sulphate by its insolubility in dilute 
hydrochloric acid, and the sulphite by the action of iodine 
upon the acid filtrate from the barium sulphate. After 
filtering, the thiosulphate may be detected in the filtrate by 
the use of iodine and bromine as described above. Table IV 
gives some results by this treatment. 

TABLE IV. 



Bzp. 


H.AO. 


Ba804 pre- 
cipitated 1^ 
iodine. 


Be80«pre- 

dpitiited by 

womJae. 


Tjrtmtkrku. 


(1) 

s 


gnn. 

0.1 

0.01 

0.001 

0.0006 

0.0001 


None. 
None. 
None. 
None. 
None. 


Abundant 

Good. 

Fair. 

Faint. 

None. 


SnCI^ necessary. 
SnCls necessary. 



As will be seen, the test for the thiosulphate by this method 
of treatment is not so dehcate, probably on account of 
mechanical holding of the barium thiosulphate by the pre- 
cipitated sulphate and sulphite. 

Having determined the limits of accuracy of the method as 
applied to the sulphite and thiosulphate taken separately, our 
next experiments were directed toward an investigation of the 
working of the method when these two acids are found 
together in solution. Sulphates, almost iavariably present 
with sulphites, are of course quite easily separated by filtration 
and treating with the barium salt in a^id solution. Sulphides 
if present in the solution would seriously interfere with the 
working of this method if not removed, being readily oxidized 
by the iodine or bromine to sulphite, sulphate, or, should 









__, . J(S^ „/ mitob***' ^® '^^^x?*^ * After the removal 
Zi^'^^^^f^ \Z ^ ^''^^ o^ ^^^^rised to find on 
fJ««^^ti^"''rS)«'^^^t^^^PHite. On treating 

Tdvbto"*^ " V, •?«* a sulpl^t^^^^^^se that thiosulphate 
lV^^y,^^e P^e^ ^^ Bnlphnr, bnt'^that 
-^^i>ttx^^ --aau, and completely 

>ei «» ^*«^oval oi *J^,^pY,^;^^^. proceeding ,nth tiie 

¥01 ^® !r^^*« »^^ 7^l;de tW ^^^^S Smith recommends 
illoT ^?f c^boB ^'^t.^^gK the solution untQ ti.e 




p\o%«^ -.^xaST oi tl^ /^^ x^xnoval and recommends 

i^toty c*^i xmc ctloT^e, caaixiixun chloride, ammonium 

« Toix*^^ ^ a;inmoxua- ^^ narsre f oimd that the addition of 

^^riAe ^*^^ to a iaintly alkaluxe solution accomplishes the 

^ijvc a^^^ae ii^ »^ entiie^y satisfactory manner. The sul- 

^^e P^^^ oTix ^o* "^ freshly made by passing hydrogen 

pbiAe ^^s®^, ^o^gt a dil^it© soIvlUoh of sodium hydroxide. 

^P*^^® tdotis ^* ^i^ soluiioix, stm alkaline, were treated 

■y^Do&o^ "5° tate i^^ excess, axid. the zinc hydroxide and 

^tb. ^^^ ^oved by filtratiorL, the filtrate gave no test for 

g^pbide tem ^^ ^osulphate V>y the application of iodine 

eith©^ ® ? gfl described, and the vapor evolved on boiling 

3Xid ^^^^^'^'^ 4« xkeniBg ^^ lead, paper. The following table 

catiseo- ^^ -^ qJ g^ few experiments in which tests were 

^cr^^ ^® . aulpbi^ a^^ thiosulphate, after removing a con- 

^*^^*^^ nnt of the stdphide in the manner described, and 

^dexa^bl® , , vq y^y acidifyin.g and adding barium chloride. 

q{ the ®^ , ^ ^e have modified it may be summarized as 

r|^e Bi® ^^ Q^^ gna. of the substance to be analyzed 

f oHo'^^ • I { water or more, add sodium, potassium or 
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TABLE V. 



K,BO,Wk«>. 


Kl^BA*i^~- 


■flw oildHIon 




0.1 
0.1 

0.01 
0,001 

aooi 


0.01 

0.001 

0.1 

0.1 

OJMl 


Abandut. 

Abondut 

Good. 

Faint. 

Fair. 


Good. 

DiitiDCt. 

Abandant 
Abundant 
Fair. 



ammomum hydroxide to diatinct but ^utly alkaline leactioa. 
The solution ehould be neutral or alkaline rather than even 
faintly acid, owing to the readiness wil^ which sulphur 
separates. To the alkaline solution add zinc acetate in 
distinct excess and filter. The precipitate may be tested for 
hydrogen sulphide, on acidi^dng, in the usual manner. To 
the filtrate add acetic acid, a few drops in excess of the 
amount necessary to neutralize, and barium chloride, and filter 
through a double filter. To the filtrate add iodine until t^ 
solution takes on a permanent yellow tinge, and then bleach 
with stannous chloride, best after adding a few drops of 
hydrochloric acid to prevent the possible precipitation of a 
basic salt of tin. A precipitate at this point indicates the 
sulphite. Filter, add bromine water in funt excess to the 
filtrate, bleaching again with stannous chloride. A pre- 
cipitate oQ adding toomine indicates a thiosulphat« originally 
present 



XT rfS^ SEPARA.TION OF NICKEL AND 
COBAl>^ ^^ *IYI>ROCHLORIC ACID. 

^^ :fkank:e stxjabt havbns. 

ATnr^ i^paa»tion of nickel and cobalt by a process 

A QijAimTATi^^^ pubUshed from this laboratory for the 

logons W ^^^^^^^xxx aixd ironf has been put forward in a 

geparation ot 9^ ^ f^ixierilst,:!: The process may be described 

recent papej jy ^ The Ixydrous chlorides of nickel and 

briefly ^^4 J^0'I> ^^"^ dissolved in a little water and to the 

cobalt (0'8-^-*^^-|^O to 12 cm^ of aqueous hydrochloric acid 

Bolution are ^^ ^^sr^^ ^ »»d the whole, contained in a little 

ajid 10 csro? 0^ f^ -c^tti Tvater, and ice, is saturated with 

beaker ^^^^^^^^.^tri^^ acia. The cobalt, which remains in 

caaeotiis TojAxoc ^^^ off and the yellow insoluble nickel 

Bo\u\io^^ ^ A^^^ ^ pre^ously prepared solution of ether 

c\i\^on<3^'^ '^^ v^^cKil^oric acid gas at a low temperature. 

gatoiaJted^ '^^ Ae\/&trl3^^^^^ ^7 tnown methods, preferably as 

fjYie t^*^^^^ ^ 'YXxo ^"^^OT claims very precise results for the 

^e sxilp^^' . ^^uo experimental proof of his work. Previous 

ptoceaBn^^^ ^^^j,^ oi this paper my experiments upon the 

^ tlie ttpV®^ rAct®^ chloride in an ether-hydrochloric acid 

eoloVjQi^ ^ K as "osed in our process for the separation of 

^utioB^ su .^^^^ ^bich is practically the same in proportions 

gXxiBoi^^^*^ ^ pineriia to effect precipitation, had shown that, 

^ ^liat tiBe ? ^^^de is somewhat insoluble in such a mixture, 

^\i\^ Tucl^e . gQ^^bility is not sufficient for a quantitative 

tiie degr^® ^^^ the appearance of Pinerua's work I have 

# j^oi» ^ garens, Am. Jour. Sci., ii, 416. This volume, p. 20. 
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been over the ground again and have reached the same 
conclusions as before, as shown in the following experiments. 

When a solution of 0.02 grm. of nickel chloride (free from 
iron and cobalt) in 7 cm* of aqueous hydrochloric acid, was 
saturated with hydrochloric acid gas at a temperature of —2° 
C. (obtained by immersing the container in a mixture of ice 
and salt) no precipitation resulted. When, however, an equal 
volume of ether was added and the whole was again saturated 
with hydrochloric acid gas a yellow precipitate formed, while 
the supernatant liquid still remained of a deep green color. 
The solution was filtered quickly through asbestos in a filter 
crucible, and the clear filtrate after evaporation with sulphuric 
acid was electrolyzed. The metallic deposit of 0.0020 grm. 
proved to be pure nickel ; for when dissolved in nitric acid it 
gave no test for iron with potassium sulphocyanide or ferro- 
cyanide, and neither the apple-green hydroxide nor the black 
sulphide, prepared by the usual methods, showed any trace of 
cobalt in the borax bead. It is obvious, therefore, that nickel 
chloride is not fully precipitated under these conditions and 
that the green color of the solution is due to nickel in solution 
and not to traces of iron, as Pineriut has supposed.* A second 
experiment similar to the first showed a solubility of the 
nickel chloride represented by 0.0018 grm. of metallic nickel. 
It is evident, then, that the solubility of nickel chloride in this 
mixture of aqueous hydrochloric acid and ether thoroughly 
saturated with hydrochloric acid gas is not far from an amount 
represented by 0.0020 grm. of metallic nickel for every 14 cm* 
of solution. 

Still another experiment, in which nickel chloride repre- 
senting 0.0020 grm. of metallic nickel was treated with 14 cm* 
of the ether-hydrochloric acid solution and the whole saturated 
for one hour at a low temperature with hydrochloric acid gas 
without precipitation, showed the same thing. 

When the nickel chloride remaining on the asbestos was 
washed with about 40 cm* of a mixture of equal parts ether and 
aqueous hydrochloric acid saturated with hydrochloric acid gas, 

• Loc. cit ' 
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the waahings evaporated with sulphuric aC5^^^ 7^^ freafed by 
the battery gave a deposit of metallic nickel ^^hing 0.0027 
gnn, — an amount proportionately less than *^t found in the 
filtrate proper. 

Although employing a mixture of aqueous hydrocUorfo acid 
and ether saturated with gaseous hydrochloric acid for the 
precipitation, PineriUi has advised the use of pure ether 
saturated with gaseous hydrochloric acid for the washing. In 
my experiments with such a mixture I find that in it the 
hydrous nickel chloride is practically insoluble and that 80 cm^ 
of the washings of the precipitated chloride with such a 
mixture gave no deposit of nickel by the battery. It seemed 
possible, therefore, that by reducing the water present to the 
lowest possible amount necessary to dissolve the chlorides to 
be treated the precipitation of the nickel might be made more 
complete. The experiments of the following table were made 
to put this idea to the test. 

Solutions of the pure chlorides of nickel and cobalt, carefully 
purified and freed from other metals and each other, were, 
after conversion to the form of the sulphate, standardized 
by the battery. Weighed portions of these solutions were 
taken in a small beaker, evaporated to diyness, the dry salts 
dissolved in as little water as possible (about 1 cm^, 10 to 16 cm* 
of ether added, and the whole saturated with hydrochloric acid 
gas, the beaker being meanwhile immersed in runnmg water 
and cooled to about 16° C. When saturation was complete 
the precipitated chloride was caught on asbestos in a filter 
crucible, washed thoroughly with a previously saturated 
solution of ether, dissolved in water, evaporated with sulphuric 
acid and determined as metallic nickel by the battery. The 
cobalt in the filtrate was recovered by evaporation and 
electrolysis in like manner. 

Exj)eriments (1), (2), and (8) of the accompanying table 
show that by this process the nickel is thrown down quantita- 
tively, and experiments (2) and (8) show that in the presence 
of a few milligrams of the cobalt salt the separation of a small 
amount of nickel is sharp. The residue of nickel in these 
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experiments gave no test for cobalt with the borax bead. 
When, however, the cobalt is present to the amount of a few 
centigrams as in (4), (6), and (6), the precipitated nickel 
chloride, which forms a hard mass, includes the cobalt salt so 
that even a large quantity of washing solution (100 cm^ was 
used in experiment 6) cannot remove it. 





Nlckal taken 






OolMlt taken 






Xq». 


Mthe 
hydroui 
omoride. 


NUdul 
found. 
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Mthe 
hjditnie 
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Oobelt 
foond. 


BxTor* 




gnn. 


gtOL 


gm* 


gnn. 


gnn. 


sna. 


(1) 


0.0068 


0.0066 


0.0002- 


• • 


• . 


■ ■ 


2) 


0.0090 


0.0000 


0.0000 


0.0080 


* . 


• • 


(3) 


0.0090 


0.0091 


0.0001+ 


0.0123 


0.0127 


0.0004+ 


W 


0.0469 


0.0490 


0.0021+ 


0.0700 


• B 


• • 


(6) 


0.0468 


0.0603 


0.00S5+ 


0.0700 


■ 


• ■ 


(6) 


0.0472 


0.0493 


0.0021+ 


0.0700 


• • 


• • 



From the experiments described it is obvious that the pro- 
cess as proposed by Pineriia will not give a complete precipi- 
tation of the nickel chloride. Nickel chloride is, however, 
practically insoluble in pure ether saturated with hydrochloric 
acid gas and can be separated from small quantities of the solu- 
ble cobalt salt in that medium. In the presence of even a few 
centigrams of the cobalt chloride, however, the process is not 
practicable on account of the inclusion of the cobalt by the 
massive nickel chloride. It is possible that by repeated solu- 
tions and reprecipitations the nickel salt might be sufficiently 
freed from the cobalt, but the process must naturally be long 
and tedious. 
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THE ETHERS OF TOLUQUINONEOXIME AND 
THEHl BEARING ON THE SPACE ISOMER- 
ISM OF NITROGEN. 

Bt JOHN L. BRIDGE ahd WILLIAM CONGEB MORGAN .« 

In an article on the ethers of qumoneoxine (isonitrosophenol) 
published by one of us,t it was stated, that when boiled with 
alcohol, the benzoyl ether of quinoneoxime dichloride gave 
gave two monochlor substitution-products. Naturally it was 
supposed tiiat the chlorine atom occupied, in the one, an ortho 
position, and, in the other, a meta position to the radical 
NOR, the reaction being: 





+ 2Ha 



N 


N 


N 











B 


B 


B 



It was also found that these same isomers were formed when 
monochlorquinone was treated with hydroxylamine hydro- 
chloride, and the sodium salt of the chlorquinoneoxime thus 
formed, treated with benzoyl chloride. 

The preceding explanation regarding the splitting off of 
hydrochloric acid from the dichloride is not in accord with re- 
sults of work done by Kehrmann,^ published in his article on 
the influence of radicals in the action of hydroxylamine on 

* From Am. Chem. Jour., xx, 761. 
t Add. Chem. (Liebig), cclzyii, 79. 

t Ber. Dtsch. chem. Ges., zzi, 3315; Jour, prakt Chem. [2], xl, 258b 
▼OL. n. — 10 
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quinoneSf in which he generalizes the results of his observa- 
tions in the statement that the presence of a radical attached 
to the ring so much lessens the replaceability of the quinone 
oxygen atom neighboring to the radical that the principal 
part if not the whole of the resulting product, is a meta-sub- 
stituted quinoneoxime. The work of his former article has 
been repeated by Kehrmann,* who finds the same isomeric 
benzoyl ethers of monochlorquinoneoxime ; but believing 
that observations of their behavior indicate the substantiation 
of his rule, he states that both these ethers have the chlorine 
atom in the meta position to the oximido group, and attributes 
their difference to space isomerism of nitrogen, writing the re- 
action thus : 



O 



H 



/"^^^na 



V 



HQ 




+ 2Ha. 



O 
It 



I. 



II. 



Kehrmann designates the compound represented by symbol I. as 
" chlorquinonemetaantioxime ether " and IL as " chlorquinone- 
metasynoxime ether." The question as to whether the chlor- 
ine atom occupies the same position in both compounds could 
be definitely settled if ortho- and metachlorphenols could be 
changed to the corresponding chlorquinoneoximes or so-called 
isonitrosophenols. This transformation has, however, unfor- 
tunately not yet been accomplished, and repeated efforts to 
obtain the corresponding bromquinoneoximes have resulted 
in failure, orthobromphenol not being attacked by nitrous 
acid or amyl nitrite. 

The toluquinoneoximes, obtained by the action of nitrous 
acid on ortho- and metacresol, we have taken up for study as 
being the most closely analogous compounds in which the 
position of the side groups is definitely known, believing that 



* Ann. Chem. (Liebig), ccbudx, 27. 



r 



THE ETHERS OF TOLVOPISQlf^ ^^. j^^ 

by an examiBation of these bodies, light ia&''y 'Qflojm apon 
the nature of the others. 

When orthocreBol is acted upon by nitrou^ ^'H, a tolnqm- 
oonemetaoxine is formed acooiding to the foUowing- igacb'on: 

H 



+ HOIfO= +H,C 


H 

Tlie metacresol forms similarly a corresponding orUic 

H 

O O 



0+HONO= f I 
CH, hL^^ci 



+ H,0, 



CH, 



The benzoyl ethers of the toluquinoneoximea prov 
exceedingly well fitted to characterize these bodie 
they are fonned from the oximes in quantitative pioi 
are easily ciystallized, and readily diatinguiahed frc 
other. 

The benzoyl ether of toluquinoneorthoosime p 
from metaciesol, crystallizes in light browniBh-yellow 
meltiDg at 177° C. and i^peaiing under the microe 
long rectangular blades, so^esting the ortihorhombic 
The benzoyl ether of toluquinonemetaozime prodao 
orthocresol is obtained in the form of yellow crystal 
b^in to soften at about 160° and do not melt 
until at about 190°. Subjected to fractional ciystal 
a portion of the metaoxime ia readily obtained consi 
branching needle-like crystals, melting at 193° C. T 
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ttf^ " ^'^T*^ ^"^»<^taons, can be readily distinguished 
VSi ^^ ^^^^ ^y tiieir less regular appearance under 

^tSi. ^^^^^^^4^^ 0^ ^ tiieir crystal habit, tendbig to produce 

"^^^'vs^^- ^^^^^^^ ^^ ^^e f^™i and habit of the crystals 
t^ift^^^'^ ^ ^tJ^^y^ ^f the ortho- and metatoluquinone 
oi ^^ \3fc^«^^^ w>Bsft>\€^ to study carefully the product of the 
o^^a '^^f^^^.a^jxoia^ on liydroxylamine, Goldschmidt and 
^^^^^^* 'Viov^ »\io^vm that the principal product of this reao- 
taon ia tolaquinonexnetaoxime. This they demonstrated by 
oxidizing to a dinitio compound; but as some of the theo- 
retically possible nitro-derivatives of the cresols are not 
known, this method can scarcely be considered to prove con- 
clusively the absence of toluquinoneorthooxime. We have, 
therefore, studied further the product of the action of hydroxyl- 
amine on toluquinone by the aid of the benzoyl ethers. When 
the sodium salt of the oxime thus formed was treated in alco- 
holic solution with benzoyl chloride, and the benzoyl ether 
obtained was subjected to fractional crystallization, not a 
trace of the orthooxime ether, crystallizing in blades and 
melting at 177°, was found. This proves that when tolu- 
quinone is treated with hydroxylamine the whole of the re- 
sulting product is toluquinonemetaoxime. The inference is 
plain that Kehrmann's rule concerning the influence of side- 
chains, attached to the ring in quinones, upon the entering 
oximido radical is quantitatively true in this case ; and similar 
indications furnished by the corresponding methyl ethers, as 
will appear later, strengthen this conclusion. 

As has been previously shown, the benzoyl ether of the 
metaoxime does not consist of a single compound, but is a 
mixture. The body melting at 193" is readily separated m 
considerable quantities, while the remainder consists of a 
very intimate mixture of this body with one of much lower 
melting-point, separated, if it can be separated at all, only 
with the greatest difficulty. By concentration of the mother- 
liquor from which the high-melting fractions have been 

* Ber. IHsch. chem. Qes., xrii, 2003. 
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jbtained, aa* ^, completely ^[T^f^' fractions may be separated 
melting a^^^^^O 130» atuj \ temperatures, varying with the 



ida**^^^J»^?f. and 



melting-pomt ^^^ seemert T^, ^'"*'«' however, a nearly 
complete ^P^^^jting bet^^ ^""^ **®° obtained. Thus, 
from frsction. ^^ once "1^? Jf ^ 150% a few sho^' 
thick prisrn. S^-'^S.pou^a liT '^ "8^^ ''^ 144» se^ 

cxystals ^«« ^^ xneltin^^ '°' * combustion, but an 
analysis of a frac» ^^itHo^-*- ^ °^* completely at 187" gave 
figures which «^*'^,:^sitioi ""?* *^*^ *^ P^^o'^ I^d the 
same percentage ''/''^JocL^.^^ *® ^^ ^^^ '"el*^ at 198». U 
we are to regard ?^^^iaer^>f1. -f .t^* ^^^^^^'^ ^ * mixture 
of two ethers, and ''J^^cs^ „ ** 142»-144° is the melting-point 

of the low body* ^ w^or.xi^!^??'^^ ^°'' *^* "'^'^^^^ «* factions 
below 142° on the ^^^^^ that mixtures may have a lower 

melting-poiiA ti>*o- ^\,ta. J,**^ <*« component substances. 

^eae re^xa^ ^^Tf^.^^""^ T^^^^ ^^ three separate 

rwt^oM ol ^^^''^^^^„^; ^- orthoc^sol, purchased at 

AWic^roA ^ififtft. «* T[^ _r"^ *^™ toluquinone melting at 67° 

^^f^^, ^^^*^ r^^'' ^^I^««d *° the air. ^ 

v^etv t^ie ^^'^'^ ^~\of toluquinonemetaoxime acts upon 
JS^ Vo^^^' ^^! ^S^^^* f* !*«^«' ^°t •^ single eti^er 

Cf 1 ^^ °* ,0^^ ""^"^"^ "' ^^ '^^ °ot inciting 
comtJletely \>eVo^ ^^ ' *^™™ ^t » body melting at 73°-74° 
Tan eaaly be ««P?^^^ ^^^^ °« other compound of definite 
x^ltine-poVn* °^ different crystal form could be obteined. 

The acetyl compound of toluquinonemetaoxime presents 

r>henomena ^'^J^, *^°^ ^^the benzoyl etiiers, but in 

^ther more marked degree The product, as first obtained 

Zr the action of acetyl chlonde on the silver salt of the 

Lme, or by a'^t^'' anhydnde on the oxime itself, begins to 

!Sten at 90" and "^.^^^ completely at 110». Upon the first 

J^8talli»t5<'° a distmction in crystal form appears, and a 
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second ciystallization of the aeparated portions gave short, 
thick prisms melting at 112°-118°, and Bome emaller, spheri- 
cally grouped ciystals, melting at 85°-87°. The extreme 
difficulty of preparing the acetyl compound prevented farther 
inTestigation. 

In like manner, the benzoyl ether of monobiomtoluquiuone- 
metaoxime seems to be a mixture of isomeric bodies. Thus, it 
wae found possible to add two atoms of bromine to tiie etiiers 
of toluquiuoneozime forming colorless dibromides correspond- 
ing to the dibrom addition-products of quinoneoxime, and 
these dibromides, when boiled with dilute alcohol, split off 
hydrobromic acid with the formation of colored monobrom 
substitution-products. The benzoyl eUier of monobromtolu- 
quinonemetaoxime thus formed shows a variation in melting- 
point similar to that of the ethers previously discussed. 

The forgoing facts speak in favor of Kehrmann's theory of 
space isomerism in the oximes so far as the metaoximes are 
concerned. On tie other hand, there is no evidence to show the 
presence of isomers in the ethers of toluquinoneorthooxime : 
the methyl, acetyl, and benzoyl etliers all act as simple 
substances, each product melting completely at a defmite 
temperature. It is difficult to understand why isomerism 
should be so much more evident in the ethers of toluquinone- 
uetaoxime than in the ethers of the orthoozimes, unless, 
sossibly, the closer proximity of the side-chain to the 
iximido-group prerento the formation of a space isomer, 
rhere is, however, a remote possibility that isomeric bodies 
nay exist, so similar in properties that they cannot be detected 
jy the ordinary methods. 

EXPEBIUENTAIi PaBT. 

Preparation of the Oxime$ and their SalU. 

The toluquinone-, ortho-, and metaoximes used in the 

txperiments to be described were made in the following 

nanner : To a solution of 10 grams of cresol and 8 grama of 

xitassium nitrite in 900 cm' of water, a solution of 6 grams 
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t^ sul^TLTic acid in 100 cm* of water was added 
of conceR*^^o^V*"*« the courae of half an hour, care 
in small 9*^ ^p»^ ^^ original solutions should be between 5° 
Ijeing take* ^jjftt this temperature be maintained during the 
and 10», a^^^ly ^ <>* t^ie oxime separates out on standing 
injxii^- ^ f0T <>^® *** tj^veo hours, and after filtering and 
in ice-^*^^ ^OO-SpO cna* of ice-water, the amount of oxime 
washing V' ^^trac^ixig fHx& filtered solution with etiier is so 
obtained bf ^ ,ii»y °® J^sregarded. The substances were 
small that ^j^^^gol^^^^^ . i** a. saturated solution of sodium 
purified by ^tetis^S into dilute sulphuric acid, cooled with 

**'^°"'*tS st»^^ ** is generally ready for use, but if further 
ice. At wUo /Jesi*"® » ^* '"^ay be accomplished by dissolving 
purification ^ ^^ »»d shading with animal charcoaL Upon 
the oxime in e ^^poTating, the oxime crystallizes in long, 
filtering and e ^^^dles. The yield is large iu both cases, 
slightly "'^'^^^y-^^^^^ looing nearly theoretical. As given by 
^jiat of Uie ortn<^^^:ii©--m-oatime melts at 184° C. Toluqum- 
Beilslian, ^^^*^^^** 155'» C. ; Beilstein gives 146'-150». 
Qjje.^).o»infi ^® ^^ tlie naetaoxime was made in the following 
i;\i.e siW®^ ^ ^>^ tolixquinone-m-oxime were dissolved in 
Qjgj)S£it *. ^ ^^*^ivo*** hydroxide, a littie less than the quantity 
a 8o\'0-^'°'^ '^TW'- ^® sodium salt, and this solution was 
c^cxj^a!*^ ^rywO c**** *** "water containing IJ times the calcu- 
fi^tete^L Vxvto ^ ©VVvor nitrate. The precipitate comes down 
-\a,Ve^ asooi«^ \aj6.'D0^3L8 condition, but goes over into a granular 
^a^ocVj'^^- ^ 50° in a water^bath. When dissolved in 
lotttt °^ ^aable aanonnt of warm dilute ammonia, and the 
^e ^«*^ ^ imitated with hydrochloric acid, 

^ of the substance, dried over HfSO^, gave 0.0590 

0.1006 gt*«* 

^ 44.23 44.14 

is light reddish-brown when first formed, but 
The 8*1 ^^ standing or heating. It decomposes when 
turns ^ j^o jind, when thoroughly dry, is spontaneously 
heated*** 
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inflammable at a temperatuie above 60°. It is a rather on- 
atable body and cannot be kept long when at all impure. 

The silver salt of toluquinone-o-oxime was made in the 
manner described for the preparation of the silver salt of 
the meta form. The salt falls in the cold as Teddish-brown 
ciystals, tending to darken when exposed to light or heat. 

0.2560 gram, dried over HiSO^, gave 0.1498 gram AgCl. 

OilcoUWd tor •_.> 

Ag 44.23 44.06 

Although very similar in all its properties to the stiver salt 
of ttiluqtunone-m-oxime, this salt is like all the ethets of the 
ortho form, much more stable than its corresponding meta 
isomer. 

Tohiqainone-fa-oiAme Methyl Ether. 

From o~ Oretol. — Of the silver salt of toluquinone-m-oxime, 

2 or 8 grams were suspended in 10-15 cm' of ligroin and 

twice the calculated quantily of methyl iodide added. After 

standing for an honr with frequent shaking, the liquid was 

filtered off and the residue extracted with a little hot ligroin. 

The united ligroin solutions were allowed to evaporate spon- 

leously, and the methyl ether came out in large, dark. 

low, hexi^nal prisms. A little more may be obtained by 

jwing the residue to stand for a week with methyl iodide. 

e yield in any case is small, the best results apparently 

ng obtained by using not more than 2 or 8 grams of the 

TGI salt at one time. After purifying with animal charcoal 

I recrystaUizing from ligroin, the product obtained softens 

55° yet does not melt completely below 70°. Portions 

Iting at 73°-74° C, were separated by fractional ciystalli- 

ion, and, on analysis, 

MlOl gram of this body, dried over H,S04, gave 0.2582 gram 
, and 0.0699 gram H,0. 

>.0881 gram of the substance gave 7.1 cm* "S at 15° C. and 
mm. pressure. 
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for 



£v Voond. 



^ 63.63 63.96 

:0 6.00 6.05 

C? ^-29 9.69 

fx-a/Ctions wex^ often obtained melting from 55^- 
Alttougt^^ CJOuaP^^^^ of vciy definite melting-point could 
60% no 0^ rjixe metliyl etier is very soluble in aU organic 
be separat^-^^^ jigroin it; is much more soluble than in cold, 
reagents ; m ^^^i^^Uizes ixx small bright-yellow prisms. 

^ni whi J ^ ^dnone- To & solution of 2 grams of tolu- 

:gr(m ^^^^^ cJ3Ci^ of AWTater, the calculated amount of 
quinone in » ^ycirocliloriae was added. YeUow crystals 
me^oxj]BXDme^^^^ in t-ho course of two hours, and at the 
Ijegan to precip ^^^^ the x^action was completed. The Uquid 
end of ^^^\\^S ^^^tracted with ether, which, upon evapo- 
^afifilteiedoff ^ a yellow crystalline mass. The two 
lation, left ^^^X^^^^ aja.<i xecrystallized from ligroin. The 
portions nv^^ ^^^o^^ >>eing 76 per cent of the theory. Even 
yield ^^ "^^^ ^. cf^i^^^'^ 'wi.-tlr animal charcoal and recrystallizing 
j^t bo^Si^ ^ ^ ^-t^-^^^'teacice acts like a mixture, softening at 
je-^ia^^^^. ^t> ''^O**- A portion, less soluble than any 
ggo ^d mett>^^ ^e^'^^^^^ ^l^cJ^ melted at 73°-74° C. and 
o^ei^ ^''^ e^^j ^-^ respects with the methyl ether obtained 
-^as lAft^^^^ - ©0^'** o^ toluquinone-m-oxime made from 
bom ^^^ ^^^ 

o^tesoV Aried over HaS04, gave 0J2962 gram CO, and 

0.1263 gtatn^ o. 
0.0612 «i*°^ ^ve 25 cm* N at 16° C. and 772 mm. pressure. 

^ 63.53 63.96 

!j^ 6.00 6.91 

^ 9.29 10.00 

2r^;^i9i<m67ii«faoa:zme Acetyl Ether. 

1, t can be made in two ways : By adding the cal- 

This ount of acetyl chloride, drop by drop, to 2-8 
cTjlftted 
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It suspended in 15-20 cm* of ligroin or 
cool by ice-water, evaporating at once, 
)sidue with hot ligroin; or by heating 
ime on the water-bath for an hour wit^ 
c anhydride, adding cold water, filtering 
Lch separates, and extracting it with hot 
y either method is extremely poor, and 
Eying by boiling with animal charcoal, 
sisted of a few small crystals. By frac- 
two portions were separated, the less 
thick irregular prisms melting at 112^- 
smaller fraction of minute, spherically 
citing at 86° -87°. In analyzing the 
ractioned : 

over H,S04, gave 0.2090 gram CO. and 
B cm* N at 15° C. and 760 mm. pressure. 

Calenlflted f6r m, ■ 

CgHgNO,. ^^""^ 

60.30 69.91 

6.06 5.18 

IM 8.01 

\ very soluble in alcohol and ether, much 
try little soluble in water. 

wne^nH)xime Benzoyl Ether, 

"his ether can be made from the silver salt 
3 ether, or, better, from the sodium salt 
Slightly less than the amount of 
form a sodium oxime is dissolved in 100 
Trams of the oxime added, and into the 
tly more than the theoretical quantity of 
ropped slowly, the solution being kept 
ther begins to separate immediately, and 
M the alcohol can be filtered off and 
U9 little of the substance. After boiling 
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inAcidosA^ ^^Umal charcoal, when the solution is submitted 
to trafi'^oT^ ^^^^lization, three-fourths of the crude product 
can be lea^i^^ ^parated in the form of bright-yellow needles 
melting at ^^ • Upon concentrating the mother-liquor to 
a small voVcP^^ and cooling, nearly the theoretical quantity of 
the benzoyl ether can be recovered. Nothing further was 
ever obtaoned save a few flakes of benzoic acid formed by the 
saponifying action of hydrochloric acid, produced by the 
slight excess of benzoyl chloride acting on alcohol. When 
the portion obtained upon concentration was repeatedly 
fractioned, it could be separated into portions melting approxi- 
mately at 198°, and others melting almost completely from as 
low as 185° to 155°. There seemed to be a tendency, however, 
for these lower fractions to liquefy at 142° -144°, and once, 
from an alcoholic solution of a fraction melting at 140°-150°, 
that evaporated at ordinary temperature, short, thick, prismatic 
crystals separated from the curved needles of the higher 
melting (198®) fraction. These few prisms melted at 144° 
without decomposition. An analysis of the body liquefying 
at 198** C. gave the following figures: 

0.2277 gram, dried over H,S04, gave 0.6786 gram CO, and 

0.0946 gram HjO. 
0.2001 gram gave 10 cm« N at 15° C. and 760 mm. pressure. 





Oilenbit.d tor 
CuH„ir<V 


Pound. 


c 


69.68 


69.30 


H 


4.60 


4.61 


N 


6.82 


6.85 



An analysis of a fraction melting from 145°-165° gave 
these percentages: 

0.1421 gram, dried over H1SO4, gave 0.3636 gram CO, and 
0.0666 gram H,0. 

0.6726 gram gave 34.1 em« N at 15° C. and 770 mm. pressure. 

CmHuNO.. *«««•. 

C 69.68 69.74 

H 4.60 443 

N 6.82 6.02 



I 



^^ERs oi?- TOLUQUINONEOXIUB. 

^^ xX^ ^* lot at all solnble in water or ligroin, is 

^^ ^ ct»ld. alcoHol, but dissolves readily in ether, 

'^.^c> ^^^"^ acetic »eid. The low-melting body 

*"* ^^3- soVabl© in alcohol than its higher-melting 

^■ys,ijs-*^^ifVa-teH'ths of the total product appeared to 
jkh'^'o'^ ** *-v<*6 ^^ "V9a° , the small proportion of the low- 
^^^kA-j ■«« ^ tna-y account partially for the idea that the 



jMei \& T^ xuqu*™<"**' — "^^ oxime was made according to the 
rtind of Goldachjnidt and Schmidt,* by treating toluquinone 

^ aqueoua BoluHon with an excess of hydroxylamine hydro- 
chloride, extracting with ether, and purifying with animal 
charcoal. From the sodium salt of the oxime thus fonned 
the benzoyl ether was made in the manner previously described. 
The product is identical with the benzoyl ether made from 
o-cresol. The body melting at 193° C. was readily isolated 
and analyzed: 

0.1002 gram, dried over H^0« gave 0.2565 gram CO, and 
0.0462 gram H,0. 

0.3581 gram gave 17.8 cm* N at 15° C. and 760 mm. pressure. 

C„B„KO," *^*°^ 

C 69.68 69.81 

H 4.60 6.01 

N 6.82 6.77 

By fractional crystallization, low.4nelting portions were 
separated, exactly aa in the case of the benzoyl ether made 
from o-cresol, except that some fractions were obtained melt- 
ing partially as low as 129°. In oider to be certfun that 
benzoic acid (m. p., 120° C.) was not unduly lowering these 
melting-points, these fractions were boiled with water and 
filtered hot. The filtrate was not acid to litmus and contained 
only a trace of oi^nic matter. The ethers, when dried, gave 
the same melting-point as before boiling with water, and, 
upon recrystaUizing from a little alcohol, did not exhibit any 

' Ber. Dtoch. chem. Qes., xrii, 2063. 
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^^^<**®T**'®' **^e benzoyl ether obtained by the 

change- ^^, '^'^!'^ i!J -^ ''^ P*' oe»*- of the theoretical 
uBuil met& i^<»2;oyi clUorxd© ^was used, gave fractions begin- 
qiianiity o^ ^fc 1/** • Obviously benzoic acid could not be 
^^^.^0^ instances. 

present ia ^w^H**^^^ ®^»^poration of the alcoholic solution 
By 8loJ^>^quefyiDg at X4:O°-150% a few crystals melting 
of a ftf T^j^ to those obtained in the same manner from 
**-^ .'^^'^^^ ^^ <>-<5re8ol, separated from the body 
the oxune ^^^^ Since tlxer© was not enough of this com- 
melting at ^^jj^gtion, an. analysis was made of a fraction 
pound for a ,^th^ tbo f oUowmg results : 

melting »* 187 

, _ Ari^^ over- If^o«, gave 0.2901 gram CO, and 
0.1131 gram, -^ * «* » • 

0.0480 gram H,c;- 



C»»H„lfO^ JWmd. 

69.68 69.96 

9, 4.60 472 

E 

^^C^qviexitly obtained melting at about 177' 

frac^o^ ■" g|0 attempts were repeatedly made to isolate 

C., an'^L ^^^ .v-o i^*>^iiex. None was ever detected under the 

BOjne oi ^* ^ wotJ^^ crystallization always separated such 

leoB, *^^ ^^'-caS^^ ioto the body melting at 190°, and a 

poi\afiioBi ^f^'^^^YtJJ'g mucli lower. ' 

g{Qs2[y ^^^''^^ Y^~»vtoy^ ether will decompose into a dark-brown 

SVnc® '^^ . ^^oVutioD of brown fumes of nitrogen oxides 

•^qoad.''"^ gjjcjve 160", it is only by rapidly heating that 

■wYven ^®*^ ob8®^®^ ** * melting-point. This applies also 

-^9S° can- ^^j^^ addition-products of the benzoates of both 

-.iM)tntolvquinone-mroxime Benzoyl Ether. 

yl ether was dissolved in chloroform and cooled 

The be j^tjcal quantity of bromine was added in small 

^bilo tb® ^^^ standing for an hour, the chloroform was 

portions' ^Qtaneously, and the light-brown residue re- 
ev»por»t«d V 



^ 
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crystallized from glacial acetic acid. It can also be purified 
by dissolving in fuming nitric acid and pouring into i^ater. 
On analysis: 

0.1437 gram, dried over H9SO4, gave 0.2176 gram COs and 
0.0339 gram H,0. 
0.1216 gram gave 0.1140 gram AgBr. 

OaloalBtod for w^,.,.^ 

Oi«HuBr,NO,. VoaaA. 

41.90 41.30 

H 2.76 2.62 

Br 39.87 39.93 

The dibromide is insoluble in water, somewhat soluble in 
cold alcohol, and readily dissolves in chloroform and glacial 
acetic acid, from which it crystallizes in white prisms melting 
at 165° C. with decomposition. 

32bno6romto2u^tn(>ne-^7Mmm^ Benzoyl Ether. 

When the dibromide is boiled with alcohol hydrobromic 
acid splits off, two hours being required to complete the 
process, during which little or no saponification takes place. 
After recrystallizing from alcohol, a mixture of monobrom 
compounds is obtained, melting from 165°-170**, A portion 
melting with decomposition at 174° C, was separated and 
analyzed: 

0.1208 gram, dried over HsSOi, gave 0.2319 gram CO, and 
0.0345 gram H,0. 

0.0735 gram gave 0.0425 gram AgBr. 





OuHitBrKOa. 


Fonnd. 


c 


52.49 


52.36 


H 


3.16 


3.17 


Br 


24.98 


24.63 



It is very similar in its properties to toluquinone-m-oxime 
benzoyl ether, crystallizing from alcohol in bright-yelloi?^ 
needles. 
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ToluqainontrChoxime Methyl Ether. 

The methyl ether of toluquinone-o-oxime was made from 
the silver salt and methyl iodide in the same manner as its 
meta isomer, the yield being somewhat better. Once reciy&- 
tallized from ligroin: 

0.1247 gram of the ether, dried over HsSOi, gave 0.2931 gram 
CO2 and 0.0675 gram H,0. 

0.3484 gram gave 27 cm* N at 15° C. and 772 mm. pressure. 

Oalenlated for v^m^i 

C 63.53 64.10 

H 6.00 6.01 

N 9.29 9.22 

Its properties are almost identical with the methyl ether 
of the meta form. It crystallizes from ligroin in long yellow 
needles, every portion of which, obtained by fractional crys- 
taUization, melts at 69° C. 

I)ibr(nntoluqm7imie-<H>xime Methyl Ether. 

The methyl ether was dissolved in chloroform, cooled, and 
the calculated quantity of bromine added. The reaction is 
completed in twenty minutes, and, on evaporation of the 
chloroform, the dibromide is left behind as a dirty white 
mass. Once reciystallized from ligroin, the substance is 
ready for analysis: 

0.1690 gram, dried over H^SO^* gave 0.1877 gram COs and 
0.0456 gram E^O. 
0.0744 gram gave 0.0909 gram AgBr. 

Caloulatodfor v.»««4 

CABriNOr '**"^ 

C 30.87 30.29 

H 2.92 3.00 

Br 61.41 52.00 

It is insoluble in water but quite soluble in most organic 
reagente. From ligroin it crystallizes in white prisms, melt- 
ing at 112** a 
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Toluqumone-o-oxime Acetyl Ether. 

This ether was made by Wurster and Riedel * from tolu- 
quiiione-<H)xime and acetic anhydride. It can be prepared 
also from the silver salt and acetyl chloride, the yield being 
yeiy poor, only a trifle better than its meta isomer, which 
it closely resembles in its properties. 

0.1194 gram, dried over HsSO^, gave 0.2666 gram COi and 
0.0545 gram HtO. 

0^389 gram gave 16 cm* K at 15^ G. and 760 mm. pressure. 

Found. 

60.89 
5.07 
7.36 

From ligroin it crystallizes in irregular yellow prisms, 
melting at 92° C. 

Toluquino7ie^(H>xime Benzoyl Ether. 

This ether was made in alcohol solution from the sodium 
salt in the manner already described for the benzoyl ether of 
the meta form. The yield is practically theoretical^ and, 
after one recrystallization from alcohol, the product is ready 
for analysis. 

0.1589 gram, dried over HtSOi, gave 0.4074 gram GOs and 
0.0686 gram H^O. 

0.5101 gram gave 26.1 cm* N at 16° C. and 7.66 mm. pressure. 





Oileiibtodtor 
CfHiHOf 


c 


60^ 


H 


6.06 


N 


7.84 





Calenhtod tor 
OmH„N(V 




C 


69.68 


69.92 


H 


4.60 


4.80 


N 


5.82 


6.04 



Although submitted to the most careful fractional crystal- 
lization, every particle obtained melted sharply at 177° C, 
with slight decomposition. From alcohol it crystallizes in 
light, brownish-yellow blades, which have aU the properties 

* Ber. Dtsch. chem. Gtes., zii, 1709. 




fbe "bextfOJ^ ^^ solution., 
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,.0^«^^^le 0.0924 
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t that it is a little more 



-Benzoyl Mher. 

in chlorofoim, bromine 
"tlie product recrystallized 



Srave 0.3208 gram CO, and 



T. 



Vnand. 

41.44 

2.97 

30.21 



-, •« VjisoWble ia ^gK>«^ ana 'water and but Uttle soluble in 
„Ar.o\xol. ^^»«^ ™^*^** a«id dissolves it readily, and 



«**^^ dae abVa^o^ it is ptecipitated unchanged by water. It 
^^aUizfiS iio^ 8^^ acetic acid in short, thick, ortho- 
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THE APPLICATION OF IODINE IN THE 
ANALYSIS OF ALKALIES AND ACIDS. 

It CLAUDE F. WALKEB axd DAVID H. M. GULiLESFIE « 

) well known that when a free mineral acid is added to a 
ral mixture of metallic iodate and iodide, the iodate is 
ced and iodine is liberated according to the equation : 

ElOg + SRI + 3Hj|S04 = 31, + 3R.SO4 + 3HtO. 

reaction is complete and non-reversible under the 
itions of analysis, and it may therefore be applied to the 
lation of amounts of iodate, iodide or mineral acid present 
1 unknown solution. A solution of iodate to be analyzed 
lixed with an excess of iodide and mineral acid, the 
[ting free iodine estimated by directly titrating with 
im thiosulphate or arsenious acid, and one-sixth of the 
ant found taken as equivalent to the iodate originaUy 
3nt.t Similarly, a solution of iodide to be analyzed is 
d with an excess of iodate and mineral acid, the resulting 
iodine estimated by directly titrating in alkaline solution 

arsenious acid, and five-sixths of its amount taken as 
valent to the iodide originally present4 A solution of 
)ral acid to be analyzed is mixed with an excess of iodate 
iodide, the resulting free iodine estimated by directly 
ting with sodium thiosulphate, and its entire amount 
n as equivalent to the amount of mineral acid originally 
3nt.§ Groger has applied the last mentioned method to 

From Am. Jour. Sci., vi, 456. 

RammelBberg, Fogg. Ann., czxzr, 493 ; Walker, Am. Jour. ScL, ir, 236. 

rolume, p. 62. 

Sooch and Walker, Am. Jour. Sci., iii, 203. This Tolume, p. 83. 

Kjeldahl, Zeitschr. anal. Chem., zxii, 366 ; Fnrry, Am. Chem. Jour., ri, 

Groger, ZeitBchr. angew. Chem., 1894, 52. 
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^^•^^v V*^5, ^'^^'^^iS.^f^ ^^ ««»d has obteined 

i^rt^fl ^ Gr«g^^ iS^^ »fforfed by the uae of 

^^^ inftvcaw ^ydioxia«a j^^ »^ indirectly analyzed 

^atjoaa oi "^^ed to a rn^a^^ Carbonates by adding the 

^/fl^to^*^3Jj^ by tii^ a.^^^*^ volume of mineral acid, 

.refio^^l *^Toi *^ '^'^iiiei^aJ "^^ method, and estimating 

Lflaaae^*^^ The o^l^ f^<i that finaUy remains by 

# «»^«» ^!^e l^^ *^t via^^«"l<y ^r^th the Gr«ger 

^jocfiss ^B8 ^ r: fiuel reactioix v^ conditions present the 

^osulplaft^ » cOtttUMLOTia rI^TT ''^ * peculiar back-play 
of coloi due tt> a ^ sio^W liberation of iodine in the 



^,jSJixe 8* - , v^ioditeB that __^„„ „^„,„^ . 

tly 
"^? ^ ot iote*^ "^ lodia©, according to the equatioi 



''^mte ol hypoioditeB ^at flight otherwise be present, 
"?*°^„A ^on tesolte m tlio formation of an exactly neutral 



6B.0H + 31, = B-IO, + 6RI + 3H,0. 

_, , g« YiflS aboNm tiiat in the case of barium hydroxide at 

this reaction is legulai and complete under the conditions 

stlvffiB, ami is independent of the excess of iodine which 

^ "na in the neutral mixture unacted upon and may be 

^timated by directly titratii^ with arsenious acid. Phelps 

** t nlv appiiea this principle of action to the standardization 

of solutions of barium hydroxide by boiling with an excess of 

•odine in a trapped flask, but also bases thereon a differential 

method for determiiung carbon-dioxide, in which the Uberated 

8 is run into a measured amount of barium hydroxide, the 

W excess of which is estimated by treating with iodine in 

thTnresence of the precipitated barium carbonate. The good 

Z^t obtained by Phelps witii barium hydroxide sx^iei 

1^7 tK« attempt be made to analyze alkah hydroxides, and 

G^r! based on tiie direct treatanent of tiiese compounds 

• Am. Jour. Sd., ii, 70. Volume I, p. 889. 
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,^afl then comDlefa.1^ 1 *^ spattering. 

BBS solution SISST'S^'-^ 
iodate ^ ,«^,^ ^ -^ conned 

> liberated iodine titrated ^f ^^ * 
lount found being laSj'^ ^^"^ 
*^«^ for anal^^ ^^^^valent to the 



_--^„ ^"* analysis. ~ "*e 
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Iwth cases JL??^^ **^*^« *^o- The 

red bj both the gxaSv °°°/**^* 
« enx)r of the Phelw^^ *°* *^e 

;^d«etotheactionof'^S«"^.?« 
•de solution duri^a.^^S'-^W 
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:^:%x^^^^^^ the 





in the case 
in the case 
these two 

to a 

— — > -^^ 

xi^» previously 
'ITie small e>c 

t>y the saixxe 
obtained \yy 
^_ It seems 
{juioh there is 

^t>y * nietliod. 
carbonic^ ln^ 
tions of tlxe 
&t care in. 
Treie 

also fitted 



emulsion. Blank 
ehanical loss of i 



^ of the method as ameans 
amount of hydroxide 
it cannot so affect the 
^nnded on the original 
This is demonstrated by 
'Tbon dioxide, and by the 
^^ hydrochloric and sulphuric 
'^ere made by adding the 
Yolume of barium or 
standardized by the modified 
*^®s of hydroxide remaining 
^^n^ethod, the results agreeing 
•^oth the gravimetric and the 
e that other acids and 
rapid iodometric method 
to this, which has given 
oric, and sulphuric acids, 
ydroxides were prepared, 
bottles, from which por- 
means of a self-feeding 
^^^th a trap. All vessels and 
possible from carbon dioxide, 
as rapidly as possible. 
s method a carefully measured 
drawn into a small ether wash- 
of alkali was rapidly run into 
l3een sealed a Will and Varren- 
in the bottle and the bulb 
solution of potassium iodide to 
iodine. The apparatus was 
contents heated to boiling or 
ciooled in a stream of water. The 
€3oxixijecting tubes were then washed 

of free iodine remaining was 

the presence of 5 cm^ of starch 

made to insure against me- 

l>oiling and to prevent any error 



i APPLICATION OF IODINE IN TBE 

account of the presence of carbonate or other impiirity in 
■ solutions employed. 

Some of the results obtained with bmum hydroxide are 
en in Table I. The variation in different analyses of the 
le series is not large, and ihe results are independent of 
amount taken for analysis and of the excess of iodine 
ployed. 

TABLE L 

A>r*i.Tgu OP '^ BAunt Htdroxide Solutiov. 

<B7 boilinR in a trapped fluk with an ezceu of iodine.) 



bp. 


ffi** 


lodbH 


lodlH 

nbHriwlbT 


toS?* 


^ 


,.^ 




CBl 


(lU. 


gun. 








1 


10 


0.18 


0.1064 


0.0712 


o.oe9o 


0.0013+ 


2 


10 


0.14 


0.1028 


0.0602 


0.0690 


0.0007- 


8 


ao 


0.28 


0.2072 


0.1399 


0.1888 


0.0001+ 


4 


80 


0.26 


0.2074 


0.1401 


0.1888 


0.000&+ 


& 


40 


0.44 


0.414S 


0.2798 


0.2796 


0,0002+ 


e 


40 


0.44 


0.414B 


03802 


0,2796 


0,0006+ 






































0.2779 


0.2786 


OiK>17- 


(W 


40 


0.61 


0.4186 


0.2708 


05796 


0.0003- 



The analyses of potassium hydroxide were made in the 
ne way as were those of barium hydroxide, and gave quite 
lilar resultfi. They follow in Table II. 

TABLE XL 

Ahaltsu or ^ PoT,uinnt Htdbozidb Solution. 

(Bj boiling in k tnpped flask with ui exeeu of Iodine.) 
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ss 


is: 


Iadl» 


KOH 


^ 


t™^ 




obI 




gim- 


grm. 


pm. 


gna- 


(1) 


10 


0.20 


0.1621 


0.0718 


0.0717 


0.0001- 




10 


0.28 


0.1613 


0.0716 


0.0717 


0.0002^ 


S) 


16 


0.80 


0,2404 


0.1063 


0.1076 


o.ooia- 




16 


0.30 


03429 


0,1074 


0.1076 


aoooa- 




16 


0.34 


0.2481 


0,1076 


0.1076 


0.0001- 




26 


0.51 


0.4088 


0.1808 


0.1792 


0.001ft+ 


71 


26 


0.61 


0.4068 


0.170* 


0.1702 


o.oooa+ 
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vOto an E i ^^** ^^ ^® Phelps method were 

,t/Bly xneasixiwi^^^^^^^ beaker of convenient 

a til© desiTN^?^^^ excess of decinormal iodine, 

^ wfii^ i-vT^^^^^^ ^^^oiint of alkali into it. The 

'^ i^i ^ ^ " ^Aosod. by a litUe trap, made of 

^^„.^^._, 1 ^ ^xicl calcium chlonde drymg 

a.pprecxable loss fey ^p^tterfng. The beaker 

**«.ui^^ ajid the contents boiled until 

-fct^xoess of ioain© had volatilized from the 

V -^ ^ ^^^^Ivixno was carefully regulated 

_^ 8* "eing kept as small as possible, 

U} about TOO oms at the start and 85 cin^ 

toe case of barixxm hydroxide care had to be 

dilnUon sixfi&oient to prevent the separation 

tpaJimn lodato^ -w^lxich is soluble with difficulty. 

l:>-allition a litstlo spiral of platinum was mtro- 

Ijeaker. ^ A.f t»:r -the boiling had ceased, the 

^ containing ^ neutral mixture of iodate and 

in running -w^ter and treated with 10 cm* 

hjdroclil^ 



ax^id or (1 : 8) sulphuric acid. 
© ^was tltzrcttod directly with sodium thiosul- 
^f S oxn* of starch emulsion. In the 

xodine was hberated with dilute 

the inconvenience of working 

barium sulphate ; with potaa- 

diliate (1 : 8) sulphuric acid was 

of ck stsktexnent by Pickering* that titra- 

iosTxlplx£k1:o in the presence of acid involve 

ajxk fvofvlyses was made which showed con- 

Ists under the conditions which 
Tuxd^xr <3oxx8ideration. Care was also teJcen, 
to gnsirrcL against the possible presence of 

in the reagents employed, 
results of a series of analyses of 
odified method just described, 
those of Table I. 

. Soc., zxzyU, 134. 




APPLICATION OF IODINE IN THE 

TABLE m. 

Akaltbms or ^ Biaiifh Htdboxidi SoumoK. 

boiling with exceu of iodine in ui open beaker to decoloratioii, and 
acidifying tlie reaidue.) 



te analyses of potassium hydroxide by the modified method 
^ven in Table IV, and are found to agree well with those 
able n. 

TABLE IV. 

AlTALTBBa OF p POTABHIITII HtDBOXIDB SoLnTIOK. 

loiling with eicet* of iodine in an open bealier to decoloration, end 
acidiffiiiK the reiidue.) 
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0»»of the 
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^ktol0ffl» t.OH). to^ eaJ^ **'° '^^•"^ ga'O as a 

LwUBeOJ-^g gim., ana b„ t^*" ^J "«> PWp" proceBs, 
urfr,«»"- A-ffeje<"* o* 2 oTL*?® modified process 0.1390 

!»™v*«B» "*" V°;, ol «r^ *® already been pomlad out 



'CUtii"* .^? ^ KClg.„ 0.1111 gm.KOH 

""^^tV"^ ?'°'~^y««8bytliePlS^proee.8and 

*^Vffnli. »«e«=0™)- Iteae results are striimgly in 

""^ rtie appli®'*'"' °' *^ 'aodiaoation ot the Phelps procena 
^^ ■ diieo' onaljsis oi bydxoolilorio and sulpliurio acids the 
to "1® "\ ^^^^ esasntiaHy the same as that detailed for the 
proced ^^ ^^^^^^ g^ni potassium hydroxides in Tables HI and 
*"*^^^. ^^ solution to be analyzed was drawn into an 
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^jeaksi, a measured excess of standaidized alkali 

TABLE V. 
Aiiu.T««« <>• B Htkboohuuio Aou. Sowimoi. 
^din to eicMS ol ^ B»(OH)». boiling with exceBB of iodine to decolow- 
<°' ' Uon uid Kidilrins tlio n-idns.) 




APPLICATION OF IODINE IN THE 

If and the operation completed as described. It was 
I that barium hydroxide and potassium hydroxide may be 
od with equal accuracy to the analysis of both hydrochloric 
sulphuric acids. Some of the results obtained are given 
ftbles V, VI and VIL 

TABLE VI 

ANALT8B8 OF ^ HtDROCHLOBIO AcID SoLITTXOH. 

iding to excess of § KOH, boiling with excess of iodine to decoloration, 

and acidifying the residue.) 



bp. 


HOI 
taken. 


KOH 
taken. 


KOH 

neatnllMd 
bjHOL 


HCl found. 


Mflu. 


▼artallon. 


(1) 

iJi 


20 

- 20 

26 

26 


gnn. 
0.14 
0.14 
0.14 
0.14 


gnn. 
0.0072 
0.0976 
0.1222 
0.1207 


gfin. 

0.0683 
0.0684 
0.0796 
0.0786 


gnn> 
0.0638 
0.0683 
0.0791 
0.0791 


gnn. 
0.0000 
0.0001+ 
0.0004+ 
0.0006- 



TABLE Vn. 

Akaltseb of ^ Sni.PHUBic Acid Solution. 

dding to excess of ^ Ba(OH)s, boiling with excess of iodine to decolora- 
tion, and acidifying the residue.) 



Bi^. 


^£St 


BiOH, 

taken. 


Be(OH), 

neatralixed 

l7H|80«. 


f^A' 


Mesn. 


VaitaftloB. 




cnt* 


gnn. 


gnn> 


gRU. 


gnn. 


gnu. 


(1) 


10 


0.21 


0J0884 


0.0606 


0XH96 


0.000S+ 


2) 


10 


0.21 


0.0880 


0.0603 


0.0408 


0.0006+ 


(8) 


16 


0.80 


0.1328 


0.0764 


0.0748 


0.0006+ 


(4) 


16 


0.30 


0.1813 


0.0761 


0.0748 


0.0008+ 


(6) 


26 


0.43 


0.2168 


0.1239 


0.1246 


0.0007- 


(«) 


80 


0.48 


0.2600 


0.1481 


0.1496 


0.0014- 



Q analysis of the hydrochloric acid solution by the Grtfger 
lod, which was found to agree in eveiy case with the 
unetric determination^ gave for each 25 cm' 0.0801 gnn. of 
» agreeing with 0.0794 gnn. and 0.0791 grm. obtained by 
lew method. An analysis of the sulphuric acid solution 
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«<lch 25 cm" 0.1241 gnn. of 
»*'^"2"i' ^^ j;:^^¥«« tod dkalfaB earths in hot 



»%. 0.124e o^ 

^^ tlie alkal* "til© TOaction between iodine 

J'bWtoi*"' «»4 ooiar>l^ "^"^ alkaUne earths in hot 
'^tS»<,W«SecS^i.^«-d««-lytical eonditdon^ 
anpi*^ Tllie Tear^4-? ^iiio mase action of considerable 
^'^(ioS*- ^ith „ '™°^ is best applied in analjsU by 
'"*'*« a*"^ A .■« excess of iodine, remoTing this 
it^ "LbM' "" .^!?^"-*uaK the iodine in the lesidne. 
*^ \tsis m"**'^^ '"■^acuities may effect the extreme 
lae ""T^e pw»"° °* ^ <ilrec-t means for analyzing allsaUes, 
ctuaH] » t «» ^"^ "'B^la-r and may be indirectly appUed 
" ^"""^OJ*? *" ''^iJ^'VBis of ™ions acids and posaiUy 
•^ ''"««>«*• ^^ "taction between iodine and alliali 
, otiei CO ^^^ contnuy ig irjegjjjj ^.a cannot be made 
^i»«if" , Mjalj^ical process. 
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THE ESTIMATION OF BORIC ACID. 

Bt F. a. GOOCH and LOUIS CLEVELAND JONES.* 

The estimation of boric acid by treating the salts of that 
acid with sulphuric acid, distilling with methyl alcohol, 
evaporating the distillate over magnesiimi oxide, igniting and 
weighing, was proposed by Rosenbladt-f A little later, and 
without knowledge of Rosenbladt's experience, a somewhat 
similar process,| which consisted in the treating of the 
compound of boric acid with acetic acid or nitric acid, 
distillation with methyl alcohol, evaporation of the distillate 
over calcium oxide, and ignition of the residue, was described 
by one of us. In the course of the development of this process, 
it transpired that the insolubility of magnesium oxide retords 
the absorption of boric acid by that substance, and that the 
more soluble calcium oxide retains boric acid more actively and 
is therefore to be preferred. 

Points in the treatment upon which special emphasis was 
laid in the original description of this process were the choice 
of a suitable apparatus for the distillation, the employment of 
a loosely stoppered receiver for the reception of the distillate 
upon slaked lime, the careful removal of water from the 
substance in tiie retort before acidifying and treating with tiie 
methyl alcohol, regulated use of acid, and care in the evaponir 
tion and ignition. 

The attainment of good results in this process depends upon 
attention to details. Modifications have been suggested by 
several investigators. Thus, instead of igniting the calcium 
oxide in a huge platinum crucible, transferring it to the 

* From Am. Joar. Sci., vii, 84. t Zeitochr. anal. Chem., zzri, 21. 

t Am. Chem. Jour., ix, 23. 



^1« *flS»» ^oP ""ginaUy ^'^l® fop subsequent ignidon 
jtl,B»ito».»^^ oxide in a _^*'5'»°«* Penfield' prefers 
g,igi» tie 1*^ j,^ water, to^T*"^ crucible, to ooUeot the 
^te in am^ ^ 5»lg8 PlatdnvtaT^**"""" "" '"*" o™' "» 
^illM 01* "^^ 6B>'^ °"»oibl^^ ****' ""^ '" ""osfer Uiis 
J»l» ba* t" BOggeatB a. i„ j"" *''° *^ evaporation and 
Je.-^. ^"'\„ ottoT esaSSf"'?'''"' °' '""■ " *» 
,™«».*>s '^ „i!ae»«* "^HReB T*"" "l™g» m conditions. 
^S»«4 >»? .vreiioi'™ oxlae "^ *•"■ ^M^tmB and avoids 
.worfex ol *» ei,eT, tiar,>!~: "^oUMttog the dislilkte by 
iapelt iii»<*°*^ oi tlv6 VvX^*^^ with an ammonia bulb to 
'„, ent *« *?\,„'BDioc6,. "^° ^^ *"" *" distillate; 
^«"»--TS.lS^"^, for the use of an ^ount 

.1. * thfiOiewca^J , J , *^roiu our experience it seems 

■^oraat *e 4"^ *°' thU amount of calcimn oxide 

°^ bom an exoeffii^e use of nitric acid in Ho retort and the 

"^tLnent modift»ton of oonditionB in the distillate. Foi- 

"^Ij tJna diffloiity may Ijo avoided by the use of a Uttle 

Whenolpbtlia^™ "° f "^°*'*>' >» the retort and care to Umit 

^ja addition of nitric acid to tiie amount required to produce 

aiBtinct acidity. The addition of a drop of the acid and 

another of the indicator should be repeated once op twice 

dunne tlie distillation to insure the return of tlie volatilized 

acid to the salt slightly decomposed in the process. The 

effect of much nitric add is bad, not only because it neu- 

tialiMS the calcium oxide when it passes to the distilhite, 

but because when it i> used a tendency is developed on the 

part of the dried mixture of cabium hydrexide and borate to 

pufl explosively if the ignition is begun as soon as the residue 

fa dry H the residue is heated gradually and as strc 

possible over a radiator before the flame is actually 

/ icTae crucible, no. such aotion takes place ; we are disj 

attribate it to the effect of the nitrate and nitrite, prod 

. Am. Jom. Bd, irfT, 222. ' Z^"=l». .nJ. Chun, ; 

t Comp. rend, otTl, 1081. 



ESTIMATION OF BORIC ACID. 



oiption of nitiroas fumes in the lime, upon the alcohol 
r organic matter retained by the lime in the evaporation 
ying unless the latter process is prolonged at high 
iture. 

i good results may be obtained with small amounts of 
I oxide, provided care as to the use of nitric acid and 
iditions of ignition be taken, is shown by the figures 
original description and by the following experiments, 
3h phenolphthalein was employed as an indicator and 
lidue heated strongly over the radiator before actual 
u 



GAOtakoD. 


Bg0«tak«n. 


B^ found. 


Brror. 


gnu. 

2.8406 
1.7620 
2.1767 
2.6666 


gnn> 
0.1788 
0.1700 
0.1824 
0.1788 


gnu. 

0.1792 
0.1786 
0.1840 
0.1786 


gnn. 

0.0004+ 
0.0006- 
0.0016+ 
0.0002- 



e results are accurate within reasonable limits. On 

Lcr hand, without care to ignite gradually we have 

rrors of from 0.0080 grm. to 0.0060 grm. in the process 

se conducted similarly. Doubtless the use of large 

3 of calcium oxide as suggested by Moissan may serve 

pose of diffusing the explosive mixture through a 

inert matter sufficient to prevent violent puffing, but 

heat over the radiator as strongly as possible before 

the flame directly to the crucible answers the same 

he difficulty does not exist when acetic acid is used 

of nitric acid, though even in this case it is safer to 

radiator in the first stages of heating, thus avoiding 

er of mechanical loss by too rapid ignition. 

dng are determinations made by this method with the 

icetic acid. The results of these experiments, as 

hose of the investigators mentioned, are a sufficient 

o the criticism of Reischle,* that acetic acid and 

d do not liberate boric acid in the distillation pro- 

* Zeitschr. anal. Chem., xzyi, 612. 
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been nhom I'T' ».l30ut complete -»-oUu 

mongh to brii»^ 
Mtliyl ijcobol- 

^^^« of CoWuM. Qa^^ie , 
"^ -rCb'-aeefft has aa-v 

Quite «°«»'^3l^ ** *" "gent *or li< 
of oakiran ox» ^^^oholio ancl a<iTieo\i 
evapomtion or ..-^io nature of tlie 03 
oi the hjgiosoc^^^^jjg ij jjj definite , 
diffionlty ot »°rr^iead of Rising oalci 

U mrie to libe*»*° ^« ,>~"^° acid 
rfphurio «AA. *« ^olat^l.^ It in , 
ad of » eorre""* «='* ^^"^ ""' **» catch t 
hjdroiide, to treat fctie mtx;tu37e of h 
hydiofluoric acid "» excess axLcL evai 
to digest tlie residu-^ of fiiaoaride an 
temperaturae for t-w-o hoiajK-s -^«^ith 
acetate solution CsF>- ^^- ^-^4> axid fo 
adding 100 em* of ^*hyl alooliol (s 
paper, wash the ro^i*3u© -WT-tll 62-7! 
0.805), dry at lOO** an«i "weigh aa 
after which the bore:* :fiiiori<i^ is tobei 
and tested with cajl.<7iu2v% cliloride fc 
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by the pieBeuce ox . ^^^J^©- Plainly Thaddeeff s procedure | 

pxesentB at the ^^ } difficulties; for besides the incon- 
venience of cond'*l^™8 long digestions with reagents of 
regulated strengib, t"® difficulty of procuiing hydrofluoric 
acid free from silica, which if present (as it usually is in the 
so-called chemically pure hydrofluoric acid of commerce^ 
would be retained in the borofluoride as potassium fluosilicate, 
the inaccuracy of the dried paper filter, and the obvious 
uncertainty of success in an attempt to wash a mixture of 
acid potassium fluoride and potassium borofluoride in potas- 
sium acetate and alcohol so that the one shall be rendered 
entirely soluble while the other remains sensibly unaffected, 
— besides these objections, there is the theoretical probability 
that boric acid nmst be lost by volatilization during the 
evaporation of the solution of the mixed salts in the presence 
of free hydrofluoric acid. This last point was put to the 
proof by submitting to distillation in a platinum retort a 
mixture of equal quantities of borax and potassium hydroxide 
with an excess of hydrofluoric acid, collecting the distillate 
in potassium hydroxide, evaporating it to dryness and testing 
it for the presence of boric acid. When this residue from the 
evaporated distillate was treated with sulphuric acid and 
methyl alcohol, the burning alcohol vapor gave plainly 
the green flame of boric acid. Another portion showed 
clearly the presence of boric acid when acidulated with 
hydrochloric acid tested with turmeric paper. No boric acid 
could be detected in any of the reagents used. It is plain, 
therefore, that boric acid does volatilize upon the evapora- 
tion of a mixture of potassium fluoride and borofluoride in 
acid solution. The amount of such loss is disclosed in the 
record of the following experiment. Portions of a standard 
solution of boric acid, prepared by dissolving a known weight 
of anhydrous boric oxide in a liter of water, were mixed 
with a solution of potassium hydroxide (free from silica and 
standardized by conversion to the chloride) in the proportions 
to form the potassium borofluoride, and an excess of hydro- 
fluoric acid was added. The mixture was evaporated and 



r 



^j^ aried ana. -sveir,*. 




In experin*^*^ (Xy to (3) th 



e^poiated WW about 50 
volume wa» wduced about on&-h 
hydrofluoric acid, while in experi 
diluted about on&-half before add 
It is plfliBi therefore, that in thia 
procesa tJieie is a conaiderable en 
other hand, the errors for the fuJ 
Thaddeeff have been in our exper 
of exceaa — presnmably because th 
of boric acid has been OTerhalaE 
washing. It is plain that the pre 
tiona only by the balancing of cc 
If we take into couaideiatiou, 
inaccoiacy and inconvenieDce of 
cannot be regarded as a desirable 
according to which boric acid is 
weighing with calcium oxide, espei 
in tiie way of gettiog constant weij 
by no means insuperable. 

Thua the following table shows i 
in several experiments in hringii^ c 
weight in a 50 cm' platinum crucibl' 
as well as the veight taken after a 
standard boric acid solution to the 
and igniting. The results recorded 
TO«- n. — 18 
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made on days not moist beyond the average and with the 
greatest care to approach the limit of accuracy with which 
calcium oxide and the boric acid held thereby can be weighed 
under ordinarily favorable conditions. The first weight of 
calcium oxide recorded under each experiment was taken after 
a strong ignition over the blast lamp for about one-half hour. 
The succeeding weights were taken after similar ignitions of 
five minutes. In all cases the crucible was left to stand a 
definite period in a sulphuric acid desiccator, and, after the 
approximate value had once been obtained, the weights of 
the preceding weighing were replaced on the balance before 
the crucible was taken from the desiccator. The average of the 
weights bracketed is the weight taken as constant for the 
calculations. 



Exp. 


OiOtakan. 


.V» 


CaO + B,0, 


C«0-hB,Oi 


SiT0r> 


(1) 


0.0606 

o:m^(o-^^ 


0.2096 


gnn. 
1.1688 


gmu 

1.1600 1 1 1J-01 
1.1691 ^'^^^^ 


gnn* 

0.0008+ 


(2) 


1.1319 
1.1317 ) 
1.1818 > 1.1816 
1.1316 ) 


0.2160 


1.8466 


1.8499 
1.3474 ) 
1.3476 } IMn 
1.8476 ) 


0.0010+ 


(8) 


0.8028 

0.8026 ) n fiooA 
0.8024 r®^ 


0.1184 


0.9208 


0.9206 


0.0002- 


(4) 


2.0980 
2.6976 

2.6978 ) o fiQ7Q 
2.6973 J ^^^^ 


0.2078 


2.9046 


2.9048 
2!9044 J ^'^^^ 


0.0002+ 



Obviously calcium oxide may be weighed with accuracy, 
with or without boric acid ; but the fact remains that a less 
hygroscopic absorbent — one requiring less care in the handling, 
is to be desired. 

The use of Sodium Tungntate as a Retainer. 

In searching for a suitable material of less hygroscopicity to 
replace calcium oxide as a retainer for boric acid, we have 
found that sodium tungstate, fused with a slight excess of 
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tongstic acid over that contained in the normal tungstate 
(to insvue its fieedom from carbonate), aoawers this purpose 
excellently. TMa substance is definite in weight, not hygro- 
scopic, soluble in water, and recoTerable in its original weight 
after evaporation and ignition. To test its value as a retainer 
for boric acid, portions of it — 4 to 7 grm. — were fused and 
weighed in a 60 cm' crucible, the tungsfate was dissolved in 
water and to it was added a known amount of a stondaid 
solution of boric acid. Aft«r diluting, mixing, evaporating, 
and fusing the residue, the increase in weight should represent 
the boric anhydride held by the tungstate. The lesolts of the 
accompanying table show how accurately the boric acid is 
retained under these conditions. In experiments (S) to (7) 
the tungstate, after its first weighing, was dissolved, transferred 
to a larger platinum dish and mixed therein with the boric 
acid. After evaporation to a suitable volume tills solution of 
tongstafce and boric acid was transferred to the original crucible 
for final evaporation and ignition. 



■>». 


"•.'a+'o. 


BAOk<«- 


BAlO™!. 


BinrlnBA- 




frm. 


RTU. 


tm. 












0.001S- 




T.S131 


0.1788 


0.1773 


0.0018- 




e.6008 


aOBSO 


0.0963 


aooo2+ 




4.1SQ4 


0.0944 


0.0944 


0.0000 














4.7744 


0.2718 


05702 


0.0018- 


bi 


6.6470 


0.2608 


0.2487 


0.0016- 



It is pUun that though the sodium tungstate does not hold 
tiie boric acid with absolute accuracy the errors are not 
unreasonable — 0.0008 grm. in the mean. Upon substituting 
the tungstate for calcium oxide as a retainer in liie distillation 
process, the results were likewise highly favorable. 

We used by preference the apparatus originally proposed, 
exceptii^ that the Erlenmeyer flask used as a receiver is fitted 
tighdy to the condenser and trapped witb water bulbs. The 
retort is made very easily from a 150 cm* pipette and has 
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the special advantage that particles of the lesidue spatteiiix^ 
during distillation are easily washed from the waUs of tb-^ 
vessel by a slight rotary motion of the retort. It was fotuxd 
that special care should be taken to give the tungstate ampl& 
time for contact with the distillate before exposing the latter 
to atmospheric evaporation. The distillate was received^ 
therefore, in a dilute solution of sodiiun tungstate placed isx 
the receiver, cooled by ice and trapped with water, and ^tM& 
mixture was well stirred, allowed to stand one half-houX'^ 
evaporated to small volume in a large dish, and transferred 
to the crucible in which the tungstate had been originally^ 
weighed. After thorough drying the residue was ignited iX> 
fusion and weighed. When acetic acid was employed in tlx^ 
retort, care was taken in the ignition to expose the fused ma^^ 
feeely to the air (by causing it to flow upon the sides of tb-^ 
crucible) until the color of the cooled tungstate was white, 
order that the reducing effect of the acetate might be eliminal 
In the experiments recorded in the following table the tungstati^ 
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!Sff «°« " ™ «a«i of sulphuric acid; tor, if 

ffij«»W^«l „,ct ^th. the methyl Jcohol, as it U at 

,Z^i "^ appt«=wblB excess, a part of it, at least, is 

?^!i^o*iJ ''^ *^>»i8Btate to increase the apparent wi 

'^'STwri" «'4 "> ^ estimated. 

the loft^P"^*^**^ *** t-^e tongstate presents no difBcu 
A the IBSI^** ODtamed by itg uge are reasonably accurate 
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A VOLUMETRIC METHOD FOR THE ESTIMATION 

OF BORIC ACID. 

Bt LOUIS CLEVELAM) JONES.* 

When boric acid and mannite are mixed in solution a peculiar 
compound of Btrongly acid properties is the result. This com- 
pound decomposes carbonates, and its acid taste is comparable 
to that of citric acid, much stronger than that of boric acid 
alone. Magnaninif has found that the product of such a 
mixture of boric acid and mannite solutions shows greater 
electrical conductivity and a lower freezing point than a simi- 
lar molecular solution of either substance alone. Other poly- 
atomic alcohols (but all to a less degree than mannite) and 
some organic acids show this peculiar property of combining 
chemically with boric acid to increase its acid qualities.^ Of 
this reaction between boric acid and the polyatomic alcohols, 
Thomson,§ Barthe,|| and Jtfigensen^ have taken advantage 
to develop methods for the volumetric estimation of boric acid. 
Glycerine is used to form a combination with boric acid, suffi- 
ciently acidic to give an acid reaction when used with a sensi- 
tive indicator and make possible its titration with an alkaline 
solution. Ht>nig and Spitz** show that in the method of 
J($rgensen a very large amount of glycerine must be used to 
prevent the appearance of the indication of alkalinity with phe- 
nolphthalein before all the boric acid is neutralized according 
to the following equation, 2NaOH+B,0, = 2NaOBO+H,0 ; 

* From Am. Jour. Sci., vii, 147. 
t Gas. Chim., zx, 428-440; xzi, 184-145. 

I Klein, Jour. Fhana. Chim., 4, vol. zzriii; Lambert, Comp. rend., CYiii, 
1016-1017. 

§ Jonr. Soc. Chem. Ind., xy, 482. |1 Jonr. Pharm. Chim., xzix, 168. 
IT Zeitschr. angew. Chem., 1807, 5. ** Zeitschr. angew. Chem. (1806), 640. 
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that in the presence of carbonates the solution must be boiled 
to decompose lacarbonates and the escape of boiic acid by toI- 
atilizatton prevented by ihe use of a retain condenser ; and 
that silica must be removed by the process of Berzelius, and 
the solution then neutralized by the use of methylorange 
before a tatration of the boric acid can be, made. 

Vadam,* for the estimation of boric acid in butter makes 
use of mannite, which, as he finds, gives sharper indication 
irith litmus than glycerine. According to this process, ibs 
solution to be analyzed for boric acid is neutralized by the use 
of litmus and a solution of sodium hydroxide. Mannite 
(1-2 grm.) is tJien added, bringing about an acid reaction with 
the boric acid present in itee condition. The solution is then 
titrated to alkalinity by sodium hydroxide. 

None of the above methods with glycerine have, in my 
experience, given anything but comparatively crude residta. 
The weak acidic properties of boric acid, the interference (and 
difficulty of removal) of carbon dioxide with all organic indi- 
cators sufGcieutly delicate to be used with boric acid, and 
indeed, the procuring of a standard alkaU containing no car^ 
bonate, together with the supposed detrimental influence of 
silica and the lack of a convenient method for its removal, 
have made the process of Gooch,t which involves distillation 
and weighing with calcium oxide, the only means {though 
requiring long time and exceeding care) in use for tiie accu- 
tate separation and estimation of boric acid. Recently sodium 
tungstate has been recommended from this laboratory:^ as 
a substitute for calcium oxide to retain the distilled boric acid. 
The entire process, however, is one of the most exacting in 
analytical chemistiy, and for this reason a convenient, rapid 
and at the same time accurate method for the estimation of 
boron is especially desirable. The first step towaid the 
development of such a process must be the convenient prepa- 

• Jour. Pbarm, Chim. (6>. TJli, 100-111. 

t Am. Chem. Jonr. ix, 23-33; Uoiiasn, Comp. rend., cxri, lOSTj Krant, 
ZeiUchr. aimlL Cbem. xzxri, 106 ; MoDlemuUni, Oai. Chim. lUL, xxrlii, I, 
844 

t Goocb ind Jonei, Am. Jora. Sci., tU, 34. ThU roliime.p. 172. 




carbon dioxl^^^^fl^id to, f^iaoSj^BOt ^^i^. "^Ifl^,'*' 

lido«.bei*^^ r"p>°tS'^'»'»^^'^^?«u. ^ 

points* S^^^iJe t„„.„ i*««C2: <*e*"^oL'^C 

bladt II bave isolated «,„ ^^^,0 ac,d bAf^'Ja<j^ "OoAk"'^ 
.leobol and a aon-rolat;,, ^ii Maa^.'^'^S.^*?^' ""any 
iiMnsibte to free bono ^^a >^^« ^t^'^^'iu^'^ »Jt6 °«o- 
neutralkation of the stja^^ex <"!'<*»• Jj.. «>Sed "" 'ieo.il?'''^- 

olin 00, while Vadamtj B»*^^ °* ^"^ tt^^ ^PitJ^^ ""« 
indicators, however, have been foun^ , Utttj^^'ff tt^ ^"^ 
more or leas affected by boric acid in s^, '>' e^^ Ajj - /***®- 
hand, I Iiave found in the well too«^«>oo. ^^^O' te t^ 

• Zeilichr. anorg. Chem.. xill. 124-16a ^^t(n«^ ^e Ot/,- 

• T •_ ^1 D_- <_ can r »» « Jl«_ "G. 
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g Zeitichr. anal. Chem., mri (»), 6B8. ^^«<P«a: ^'^ 

II ZeiUchT. anal Chem., xxvj, la f ZettK^f 
" Jour. Soc. Chem. Ind., XT, 4S2. ff 4t^ p.* ^Ooij, 

tt Jour. Pharm. CUm. (6) riil, lOft-m. **». j^ ^*eij, ,, 
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mixtuT® iodide and. lodt.*-, 

77\^*H *P . t t„ "*J^te are in excea 

"'!^«^ '^°1^ "** ^^^'^e liberated 

6^ + ^03 + 6BC1 = 6KC1 + 3H 

-nosUbexa"^ ^°^^ '^^y ^ removed by so 
Ind a solution obtioned which is absolutely i 
3^ Dflutral suite, potassium iodide, iodate, ; 
-The statemeato made by P. Georgevlc • 
boric ftcid pre*^°*' ™ moderate amount in 
the sligbwst action on a mixture of iodide 
been experimentelly verified. Therefore w 
liberated by an excess of a stronger acid, a 
free destroyed by tluosulphate, it remains fi 
be titrated in any convenient manner possib 
Following along the lines suggested by 
tions, a volumetric process for the estimati 
has been developed. For a basis of the 
standard solution of boric acid was prepai 
in a liter of water about eight grams of i 
anhydrous boric oxide. This anhydrous 
prepared from the several times reciystalliz 
acid, by long-continued fusion over a blast li 
of approximately | sodium hydroxide was p 
ordinary sodium hydroxide of the laboratory. 
in this solution was estimated by the pre 
recommended by Ktlsler. The acid used to 
tion was hydrochloric, standardized by silver 
The full method for the estimation of bo 
elaborated is as follows: The solution is i 
to litmus by hydrochloric acid and 6 cm' of 
of barium chloride added. An amount of : 
of potassium sufficient to liberate an amoi 

• Jour, pnkt Chem., xzztUI, 118. t Am. Chi 
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least eqnWaieiit '^ ,^ excess of hydrochloric acid in the 
acidified solution ^ ™^ed with starch in a separate beaker, 
and ihe iodine which is usually thrown out by this mixtuie. 
Is jnat bleached by ^ dilute solution of thiosulphate. 

To the now neutral solution of iodide and iodate a single 
drop of the solution to be analyzed is transferred by a glass 
rod. If a blue coloration is developed, the solution is acidic 
with hydrochloric acid, and all the boric acid is in free 
condition* The amount of iodide and iodate used depends 
upon the acidity of the solution containing boric acid. 
Usually 10 cm^ of a 25 per cent solution of iodide and the 
same amoimt of a saturated solution of iodate is sufficient. 
Any larger excess of hydrochloric acid should be neutralized 
by sodium hydroxide before the iodide and iodate mixture is 
added. After the addition of the iodide and iodate solutiouy 
containing starch, to the boric acid solution, the liberated 
iodine should be carefully bleached by thiosulphate. Any 
excess of thiosulphate in reasonable amount does not seem 
to be detrimental, but in practice the starch iodide color is 
clearly bleached, and no more then added. Carbonates pre- 
vent a definite indication of the neutral point by thiosulphate 
and starch iodide, therefore the barium chloride (about 5 cm'^ 
should be added before this point in the process. The 
mixture of iodide and iodate is not added to the solution to 
be analyzed until after it is made acidic, for the reason that 
when the neutral point is approached by the addition of 
hydrochloric acid the starch iodide is thrown out locally by 
the acid, and the small amount of sodium borate remaining 
undecomposed does not again bleach the coloration produced 
thus obscuring the neutral point which must be obtained 
before titrating for boric acid. 

The solution after the bleaching of the iodine by thiosul- 
phate is colorless and contains only starch, neutral chloride, 
potassium tetrathionate, iodide and iodate, and all the boric 
acid present in uncombined condition. ^The carbonate lies out 
of the sphere of action in insoluble form as barium carbonate. 
A few drops of the indicator, phenolphthalein, are now added. 
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J ibB "'"^imill of '^,r"^ "^ ™"^ " "™"'K "^ coloration 
"*w*d- ^iw^ „l-.^^^aitei» then added, which UMch 



^S^*'^*'^^W«'*'^*^°°' and tlie alkali solution aga 

Tlie'*^^**'^^^ taien as the reading point. Aboi 
"i TZ.. *>* "'^^ ^ ixecessaiy for a detection. 



boT<^^*^KT'>^'^'^ ^ sufBciently acidic to hberate iodii 



Tl 

n^,^ . , di] 

hmdaiit^y' ^"^^ ^*' ^PPeajs to be a time reaction, and , 
rtTend o^ ^ ^°^^ °^y ^^'i' 9^ I*'' "^^t of the theoretic 
^oimt Cconffliering B.O. as a bivalent acid) has been thiovi 
nt. The combmatiou oi boric acid and mannite liberates i 
the pTeseno® of iodide and iodate immediately only aboi 
one-hali tlie iotoie reqiiired on the theory that B,0, under thei 
conditioBS acta as a bivalent acid, or with the neutralizui 
power ol roetaboric arad, HOBO. When no mannite is presei 
phenolphthfllein ^ves an alkaline indication when only aboi 
oneiflU the amount of alkali theotetic^y necessary to for 
the metaborate, NaOBO, has been added. Obviously, then, tt 
starch iodide coloration will not appear at all on the additic 
of mannite, if about one-half the free boric acid is fin 
neutralized by the solution of alkali, and the remainder of tt 
alkali immediately added to complete neutralization. Tl 
point at which the danger of the appearance of the iodic 
coloration on the addition of mannite has been passed, : 
rongbly indicated before the mannite has been added by tt 
appearance of the strong alkaline indication of phenolphtbaleii 
TTiia indicator would not need to be added at all, if tli 
boromannite compound quickly and regularly liberated iodii 
from the iodide and iodate. The &ct, however, that th 
compound of boric acid and mannite — as has been ascertaine 
by experiment — liberates, on standing twelve hours, about S 
per cent of the theoretical amount of iodine, places the strengt 
of t^*'" acid above that of citric or tartaric acid as investigate 
by Furry.* With phenolphthalein, however, the end reactio 
is sharp and the small amount of carbonate present in th 
standard solution of alkaU is precipitated by the bariui 
• Am. Chem. Jour., t1, 811. 
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chloride already in the solution. The calculation rnnst 
therefore be based on the amount of free hydroxide in the 
standard solution of alkali used, according to the following 
representation : 

B,0, + 2NaOH = 2NaOBO + H,0. 

The best results and the most definite indications are 
obtained in cold solution of a volume not greater than 50 
cm^. This fact accords with the observations of Magnanini * 
that the relative electrical conductivity of the boro-mannite 
solution is decreased by dilution and elevation of the 
temperature. When silicates are present in solution, the 
silicondioxide is liberated by the excess of hydrochloric acid, 
and this oxide, whether in hydrous or anhydrous condition, 
neither affects the indication with iodine nor phenolphthalein, 
nor does it form with mannite a compound of acidic proper- 
ties. Ammonium salts interfere with the indication given 
by phenolphthalein and may be removed by boiling with 
potassium hydroxide in excess, or an indicator used not 
affected by them. 

To test the action of fluorides in the process, several 
experiments were made in which hydrofluoric acid (10 cm' of 
tV solution) was introduced into the solution containing salts 
of sodium, free hydrochloric and boric acids* Barium chloride 
was then added and the analysis for boric acid completed in 
the usual way without the accuracy of the results being in any 
way interfered with by the presence of hydrofluoric acid. 

Table I contains the results of a series of analyses in which 
the boric acid was first drawn into a excess of sodium hy- 
droxide, then estimated according to the method described. 

The standard solutions of boric acid used contained, in A, 
7.168 grm., and in B, 7.706 grm. per liter. The solution of 
free sodium hydroxide was 0.21427 normal 

Practical tests of the method upon specimens of crude 
calcium borate and colemanite are recorded in Table II and 
Table m. 

• Gas. chim. ital., xz, 428, and zzi, 181 
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AxALf SIS or Crudb Bor&tb of Limb. 
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TABLE m. 
AsALTiiB OF CoLEiuinra. 
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The finely-gioimd mineials weie disBolved in h; 
acid and the analysea proceeded with as described at 

An analysis for boric acid t^ this process can be 
in five minutes and the results are obviously acouE 
tiie limits of ordinary analycns. 

The nsoally interfering substances, fluorine, e 
carbon dioxide, have no detrimental influence on t 
of this process. 



XXIV 

THE CONSTITUTION OF THE AMMONIUM 
MAGNESIUM PHOSPHATE OF ANALYSIS. 

Bt F. a. GOOCH ahd MAKTHA AUSTIN.* 

Is a recent paper from this laboratoiy f it has been shown 
that the presence of ammonium chloride or other ammonium 
salt is necessary in the precipitation of manganese as the 
ammonium manganese phosphate by microcosmic salt in 
order that the precipitate may have the ideal constitution 
represented by the symbol NH4MnP04. 

It was also shown that the solvent effect of the anmionimn 
chloride upon the precipitated ammonium manganese phosphate 
is not marked when an excess of the precipitant is present in 
solution. 

The relations disclosed in this paper suggest that the 
chemical constitution of the precipitate rather than mechanical 
contamination and vaiying solubility — the explanations gene- 
rally accepted, and, indeed, advocated by one of us in a former 
paper I — may be responsible for observed variations in the 
weight of the residue derived by the ignition of the similar 
salt of magnesium, the ammoniiun magnesium phosphate, 
precipitated by an excess of a soluble phosphate from the 
solution of a magnesium salt, or from the solution of a soluble 
phosphate by an excess of a magnesium salt. 

Preeipitation by Exees% of the Soluble Phosphate. 

The precipitation of the magnesium salt by an excess of the 
soluble phosphate was first studied. For this work a solution 
of pure magnesium nitrate was prepared by dissolving the 

* From Am. Jour. 8ci., yii, 187. 

t Am. Jour. Sci., vi, 288. This Tolume, p. 121. 

X Am. Chem. Jour., i, 891. 
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_-ftg**^^ ., _„j , *^*^'Xiinerce in a alight excess oi 

P^J^*'*^ ff r^ **^*^iiig with more magnesium . 

^^el^e^^ V *'?^««a of magnesium oxide and any 

^ir<" T ^^ l^te^ S™"P«. the solutioi 

"" "^Tt»t^ ^^ ammoniu^a carbomite, the precipitate 

^"*£a ty ^^^ filings and filtrntions untQ aiver n 

no prec^P'**** "^ *^o solution acidified with nitric 

T^^ pieciP^^ carbonate -was nearly dissolved in mtri( 

^ Sie eolation was boiled with an excess of the carb 

rt t die p^^'^P'^*® **^ removing traces of barium, stron 

"d coloV^i"*^ filtered, and diluted to definite volume. 

jatioD of a definite volume of the solution and si 

•mution of tiio xeaidue would be a most natural methi 

(^BtabUfihiDg * standard of the solution, were it not fo: 

fact, pointed out by Richards and Rogers,* that tiie oxi< 

majmefflum retains on ignition occluded nitrogen and ox 

enough to increase its weight sensibly. For this reason 

nitrate was converted to the sulphate and weighed as su 

either by evaporating to dryness in a weighed plat 

crucible a definite volume of the solution, igniting as o 

and changing to the sulphate ly heating wiUi sulphuric : 

or, by evaporating the m^neaium nitrate directly wit 

excess of sulphuric acid of half strength. In this treat 

the excess of acid was removed by heating the plati 

cmcible upon a porcelain ring or triangle so placed witi 

porcelain crucible that the bottom and walls of the i 

cmcible were distant about one centimeter from the bo 
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0.19-J8 
0.1623 
0.1926 



■ Amer. Chem. Jour., zrl, 61 
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and mOfl oi th.e ^ ^ ^^^cible. The excess of acid is easily 
removed m tins ^^^y^ to^d th© outer crucible may be heated 
to redness mtliotit danger of bieakiiig up the magnesiuin 
sulphate. The lesults of this work, taking O = 16, Mg = 24.3, 
N = 14.03, S = 32.06, are given in the accompanying table. 

The magneaum oxide obtained by direct ignition of the 
nitrate weighed on tiie average about 0.0010 grm. more than 
the oxide theoretically present in the weighed sulphate from 
equal portions of the solution. 

Before proceeding to study possible chemical effects of 
ammonium chloride in determining the constitution of the 
ammonium magnesium phosphate, it is obviously necessary to 
define the extent to which the ammoniiun salt may exert a 
solvent action in presence of the precipitant. Fresenius 
estimated that ammonium magnesium phosphate is soluble in 
15293 parts of cold water, but the method of investigation 
employed did not entirely preclude the possibility of counting 
as ammonium magnesium phosphate soluble material included 
and held in the original precipitate.* According to Kissel f 
the phosphate, which dissolves in a mixture of ammonia and 
water in the proportion of 0.0040 grams to the liter and in the 
proportion of 0.0110 grams to the liter in a similar mixture 
containing also 18 grm. of ammonium chloride, is practically 
insoluble in the latter mixture if an excess of magnesia 
mixture be added; and HeintzJ showed that the effect of 
adding an excess of sodium phosphate in the solution is 
similar. 

So far as appears, no quantitative experiments have been 
recorded in which the behavior of a mixture of ammonium 
chloride and magnesium salt and an insoluble phosphate in a 
solution only slightly ammoniacal has been tested, though as a 
matter of convenience the use of faintly ammoniacal solutions 
and faintly ammoniacal washwater is to be preferred to the 
mixture of strong ammonia and water [1 : 8] ordinarily 
employed. As a preKminary step, therefore, in the work to be 

• Freseniiu, 6te Aufl^ p. 806. t Zeitschr. snaL Chem^ viii, 178. 

X Zeitschr. anal. Chem., ix, 16L 
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described, experinients were nuide to find how small : 
of magnesium could be detected in solution by pn 
with microcosmic salt, either alone or in presence of a 
chloride in fointly ammoniacal solutions. The a 
chloride used for these tests (as well as in the simil 
tatiTe work following) was purified by boiling wi 
excess of ammonia, filtering, digesting twelve hi 
microcosmic salt, and filtering again. The results 
in Table II. 

TABLE U. 
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The results of these tests show that even so little 
gnu. of magnesium oxide may be detected in five 
cubic centimeters of faintly ammoniacal water com 
much as sixty grams of ammonium chloride-f It is 
strongly ammoniacal liquids are entirely unneceses 
precipitation of the ammonium magnesium phosph 
the conditions. In nearly all the experiments to t 
use was made, therefore, of faintly ammoniacal soli 
wash-water. 

In Table III are given the results obtained in a sti 
effecta of varying proportions of ammonium chlorid 
solutde phosphate upon the constitution of the p 
All precipitates were gathered upon asbestos in thi 

t B wM f onnd abo, incldentallr, that the prewnce of reaionabli 
uninoiuiiiii oxalate (100 cm* of the laturated Mlntlon) does not ii 
the predidtation of the ammoaiam magneunm photphate bj 
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crucible, washed in biatlj funmoiiiacal water, and ignited as 
UBuaL In eveiy case the precipitation was practically com- 
plete ; for, upon allowii^ the filtrates with the wash^water to 
stand for several days after further addition of mictocosmic 
salt, nothing but insignificant traces of a precipitate — not 
exceeding 0.0001 grm. — ever appeared. In the experiments 
of section A precipitations were made in the cold I^ the action 
of microcosmic salt in consideiable excess upon the solutions 
of magnesium nitrate containing varying amounts of ammonitun 
chloride. In experiments (1) to (5) the liquid was made 
Mntly ammoniacal after the addition of the precipitant and 
the precipitate was filtered off immediately after complete 
subsidence; in experiments (6) to (10) the precipitate first 
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Ao-v^ . -i.^*.^^ -. ^"Qd iii a very little hydrochloric 

^T : reptec^^' , «^y dilute ammonia (the operation 

t "toea*** ^^® tallies^ ^th a view to improving the 

teffiae cotiditio'^ of tix© precipitate, and this treatment 

'^^t!«^ed, o* *'°^'^* *■ ®'^'*»^ amount of ammonium chloride, 

bftblY ^es* **° \ g^^Jaa. It wiU be observed that errors of 

^^ eaa apP®*' ^ *^ *** these determinations, those being the 

I^atest i» *^® experuueixta in which the largest amounts of 

S ainmotii^ ^^ ^ere present. 

In the e^P®^^®^ ^* section B the manipulation was so 

ehsDS^ tbat the supernatant liquid was poured off (through 

the filtering crucible ^wliicli was to be used subsequently to 

coUect the phosphate) after the precipitate had subsided and 

the insoluble phosphate ^was dissolved in hydrochloric acid and 

bTO light down again, after dilution, by the addition of a faint 

excess of dilute ammonia. By thus removing the supernatant 

liquid after the first precipitation, the excess of the precipitant 

and th.e amounts of ammonium chloride orginally present were 

reduced to relatively low limits, so that their effects in the 

reprecipitation were at a minimum, and by adding varying 

amoixnts of ammonium chloride, or none at all, before the 

reprecipitation, it became possible to demonstrate the individual 

effect of that reagent apart from that of an excess of the 

ndcrocosmic salt. It will be noted that in experiments (11) 

and C12)» ^ which no ammonium salt was added after the 

decantation from the first precipitate, the results are ideal, and 

that tlie errors of excess advance as the amounts of ammonium 

salt present in the final precipitation increase. The quantity 

of tbe ammonium salt present during the first precipitation 

does not influence the error in the final precipitation unless it 

is so laxge that a simple decantation of the supernatant liquid 

woixl<l naturally leave an appreciable amount of it to act when 

the second precipitation takes place. 

It i^ plain that the errors of excess which appear when 
either the ammonium chloride or the soluble phosphate is 
nresent in considerable amount, must be due either to mechan- 
ical inclusion on the part of the highly crystalline precipitate. 
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or to yariatdon in the ^S^^^^^x^xi magnedum phosphate from 
the ideal constitutioii t^^**^^ a condition represented by a 
phosphate richer in anii»^^ and correspondingly deficient in 
mj^esium. If any app^^^ble amount of the ammonium 
chloride present were held by the precipitate, it would natu- 
rally be represented by magnesium chloride after ignition, but, 
in no one of these experiments, even in those dealing with 
sixty grams of ammonium chloride, did the residue, after dis- 
solving in nitric acid, give with silver nitrate evidence of the 
presence of more than a mere unweighable trace of chloride. 
A special experiment, moreover, in which an attempt was 
made to determine the silver chloride precipitated from the 
solution in nitric acid of an unignited precipitate thrown down 
by microcosmic salt in presence of sixty grams of anunonium 
chloride, confirms this conclusion : the precipitate was unweigh- 
able. If ammonium chloride present in the solution to so 
great an amount is not included in the precipitate in signifi- 
cant quantity, it would seem to be unnatural that the micro- 
cosmic salt should be included mechanically in any very great 
amount. But unless the microcosmic salt was mechanically 
included, the increase in weight must be due to the chemical 
influence of the reagents — that is, to the production of a 
phosphate rich in anunonium and deficient in magnesium. 
Berzelius* recognized the existence of such a phosphate of 
magnesium ; but Wachf in following the work of Berzelius, 
failed to find it It would be natural to expect its formation, 
if ever, when the precipitating phosphate is in excess and 
ammonium salts are present in abundance, with free ammonia. 
Obviously the natural effects of all these reagents would be 
toward the production of a salt holding more ammonia and 
more phosphoric pentoxide for a given amount of magnesium. 
The results of the table seem to point strongly to such ten- 
dencies, and, by inference, toward the existence of such a 
compound. Thus in experiments (11) and (12), in which the 

• BeraeliiiB, Jahresbericht, 8. Jahrgang (1824), Ubenetzt von C. O. Gmelin. 

B. 02. 
t Schweigger, 1830, Band 29, s. 266. 
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.( da& excess r.« 

--aifl pa*** veioTO t!h nucTocosimc salt was remove 

xZ^nia-^'^ , -™« ^ »^cond precipitotion, while no an 

^^^^blotid^ 'as Preaent ex^ptiL the smaU amoui 

"T^ ^^ '^'''^''^ ^"^ ^precipitation ol the first precip 

iSerrot^,^^^y..othing. In experiment. (13) an 

Tu^ (t5> "*^ CI *> and (18), aU sinular to (11) an 

y£ «ceV*io8 **^*" ***™ioiiiTain chloride was present, the ave 

eirots C+0-0**^® grm. in tenns of magnesium phosphat 

^0064 K'"'^'' J^^spectively) increase as the ammoniui 

Woride is incw*^*^ m tlie final precipitation. In experimeni 

rtSI and C^^^' *^ ''^*i^ the ammonium chloride amounted \ 

sixty ir»D>8 in ^^ fiist precipitation and to five grams in ^ 

second in addition to the amoimt that would naturally remiu 

after decantJBg tlie strong solution of the former precipiti 

tion, tiie amilarity of this error (+0.0082 in the mean) \ 

that of ^6 experiments in which suLaller amounts of tli 

pTTun nninm chloride were used throughout goes to show tht 

only the amoimt oi ammonium salt present in the final pn 

cipitation counts. Further, a comparison of correspondin 

expexi^neuts of A and B shows very plainly that the treatmei 

whicli involves the removal of the large part of the mien 

cosmic salt, the solution of the precipitate, and Teprecipitatio 

tends to reduce the higher indications. Thus, for example tti 

error in (2) and (3) is +0.0124 gram in terms of magneuu] 

pyTophosphate, while in (18) and (14), similarly carried oi 

except the decantation of the excess of the precipitant, soh 

tion and repiecipitation, the error is +0.0036 grm. 

The special influence of free ammonia during precipitatiot 
-was investigated in the following experiments. Definit 
volntnes of the magnesium nitrate solution were drawn from 
burette into a platinum dish, ammonium chloride — 10 grm.- 
iffQB added, the magnesium was brought down by dilui 
ammonia in presence of microcosmio salt, and strong ammoni 
equ&l to one-third the volume of the solution was added. Tfa 
solutions, after standing, were filtered off on asbestos undc 
pressure in a perforated cmcible, and the precipitates wer 
crashed with ammonia diluted to the proportion of three part 
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of water to one of ^sxixcxom^ ^^ ^^ moistening with a 
drop of saturated solutioxx ^^ ainxQ^^j^n nitrate, ignited and 
weighed. The lesnlts are g^yen i^ experiments (1) and (2) of 
Table IV. In these detexminationfl the mean error reaches 
+0.0198 gnn. in terms of magnesium pyrophosphate ; while 
in experiments (8) and (4), made similarly excepting that the 
supernatant liquid was decanted from the precipitate first 
thrown down, the precipitate dissolved in hydrochloric acid, 
and after dilution leprecipitated by dilute ammonia imme- 
diately supplemented by enough strong ammonia to make one- 
fourth the volume of the entire solution, the error amounts in 
the mean to +0.0061 in terms of the pyrophosphate. 

TABLE IV. 



Xxp. 


MgAO, 
oormpopoing 


"SsS?^ 


Error in 
temuof 

MgAOr 


Error In 

(emu 

oCMgO. 


NH«C1 
proiMit. 


HNalTHiPOt. 
4H,OnMd. 


YobmM. 


(1) 
(2) 

(3) 
(4) 


gnn. 
0.6311 
0.6311 

0.6311 
0.6311 


gnn. 
0.6603 
0.6606 

0.6898 
0.6861 


gnn. 
0.0102+ 
0.0194+ 

0.0082+ 
0.0040+ 


gnn. 
0.0069+ 
0.0070+ 

0.0029+ 
0.0017+ 


gnn. 
10 
10 

10.- 
10,- 


gnn. 

2.6 
2.6 

2.6 
2.6 


cm* 
200 
200 

200,100 
200,100 



In experiments (1) and (2) the precipitate was influenced by 
an excess of microcosmic salt, ammonium chloride, and free 
ammonia in large amount; in experiments (8) and (4), by 
decanting in the manner previously described, by dissolving 
the precipitate, and reprecipitating, the effects of an excess of 
microcosmic salt and ammonium chloride are reduced to a mini- 
mum, and, in a comparison of the results with those of experi- 
ments (11) and (12) of Table III the tendency of the free 
ammonia comes to view. The results discussed seem certauily 
to point to a general tendency on the part of free ammonia, 
ammonium choride and excess of the phosphate to produce a 
salt rich in ammonia and deficient in magnesium, which for a 
definite amount of magnesia precipitated must leave upon igni- 
tion a residue weighing more than the normal phosphate. 
If it be assumed that a salt of the symbol (NH4)4Mg(P04), 
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--the next natural st^p ^ ^^^e xxoirrxial salt, NH^MgPO,— 

is present in the precipitate, tixe residue which such a salt 

^ould leave upon igniUou woiila. \^ the metaphosphate 

%(P0,),. From the relataons of tixe symbols for magnesium 

PJ^phosphate and magnesiunx inet«Lpliosphate the weight of 

^^ residue obtained, and tlie -weiglit of the pyrophosphate 

^^^oretically derivable from tlxe -vsreight of magnesium salt 

^^*^^i it is possible, of course, -to oalculate the proportionate 

^^■•^^Unts of pyrophosphate and. ncxe^taphosphate present in any 

i^^ted residue. Proceeding iix ttiis manner, it appears that, 

ill Older to account for the va.Tr\a.tdons noted, it is necessary 

t(y ^^ume the presence in ma.xxy cases of very considerable 

g— i^ounts of the metaphosphato. Thus, m the case of those 

-tilts obtained according to tixe usually accepted method of 

^^^.^^ipitating and washing ^wl-tlx strongly ammoniacal liquids, 

7^^., m experiments (1) and (^2) of Table IV, the proportion 

^rJl metaphosphate needed to atccoxint for the observed error 

CJ^^chea ten per cent. 

Precipitation hy Excess <>f the Magnesium Salt. 

The relations which obtaaxx in the reverse process of pre- 

. -i^^Qii the action of an oxcess of the magnesium salt 

^ a soluble phosphate — — ^were studied in experiments to 
^^described. A solution of pure hydrogen disodium phos- 
^te was prepared by carefully recrystallizing the pure salt 
^4 ommerce five times from distilled water in a platinum 
dish ^solving the crystals, and dilutmg to definite volume. 
The standard of the solution Avas estabUshed by evaporating 
to dryness in a weighed platinum crucible known volumes 
of the solution, igniting tlxe residue and weighing the sodium 
pyrophosphate. Magnesia mixture, the precipitant, was pre- 
pared by dissolving fifty-five grams of magnesium chloride 
L as little water as possible and filtering, mixing with this 
solution twenty-eight grams of ammonium chloride purified 
bv treating it in strong solution with bromine water and a 
Bhght excess oi ammonia, filtering, diluting to one Uter, and, 
after standing for some hours, filtering again. 
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The tests of the following table show that the precipitation 
of a soluble phosphate by the magnesia mixture is practically 
complete in faintly ammoniacal solutions even when veiy 
dilute and chaiged with large amounts of ammonium chloride, 
provided the magnesia mixture is present in sufficientiy large 
excess. 

TABLE V. 



P|Og In mraaPO« 
ttikan. 


Magnada 
mlztui*. 


VolnnM. 


NH«CL 




|IU* 


OBOP 


CBr 


|IU* 




0.0006 


10 


100 


• • 


At onoe throngboiit 


0.0006 


60 


100 


• • 


the liquid. 


0.0006 


10 


100 


10 


« 


0.0006 


10 


200 


60 


M 


0.0001 


60 


260 


60 


M 


0.0001 


10 


100 


• • 


(4 


aoooi 


10 


100 


10 


<l 


0.0001 


60 


200 


10 


M 


aoooi 


10 


260 


60 


« 


0.0001 


60 


800 


60 


After lettling oat 


0.0001 


GO 


600 


60 


« 



This conclusion was further substantiated by an actual test 
(by the molybdate method) of the ignited residue, obtained 
by evaporating a filtrate from ammonium magnesium phos- 
phate (equivalent to 0.8614 grm. of the pyrophosphate) 
precipitated by a faintly ammoniacal solution of magnesia 
mixture in presence of 60 grm. of ammonium chloride, 
which gave a precipitate of ammonium phosphomolybdate 
yielding 0.0002 grm. of magnesium pyrophosphate. It is 
evident, therefore, that any considerable deficiencies of weight 
of the magnesium phosphate obtained by precipitating equal 
amounts of a soluble phosphate by magnesia mixture in 
presence of varying amounts of ammonium chloride, cannot 
be attributed to varying solubility of the magnesium phosphate 
under changing proportions of tiie ammonium chloride. 

The results recorded in section A of Table VI were obtained 
by treating definite volumes of the pure solution of hydrogen 
disodium phosphate with magnesia mixture, in slight excess 
above the amount required to bring down the phosphate, and 
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moniacal solution of tiie phosphate diop by drop from a 
burette. The precipitations in A, B, and C were proved to 
be practically complete ; for by treatment of the filtrates with 
more magnesia mixture and standing, no more than a trace 
— 0.0001 grm. at the most — of the phosphate was found. 
The ignited residues never contained more than a mere trace 
of chlorine. 

While the results are not entirely regular, the tendency of 
the ammonium salt to produce errors of deficiency in propor- 
tion to its amount is plain if we compare among themselves 
the experiments of A upon similar amounts of phosphate, and 
then those of B upon similar amounts of phosphate among 
themselves ; and by a comparison of corresponding results in 
A and B it is clearly shown that the presence of an excess of 
magnesia mixture tends to counteract more or less completely 
errors of deficiency due to the action of the ammonium chloride. 
These facts are quite in harmony with the hypothesis that the 
ammonium salt tends to produce an ammonium magnesium 
phosphate richer in ammonia and phosphoric acid and poorer 
in magnesia than the normal salt NH4MgP04; for, though 
the production of such a salt in presence of an excess of the 
soluble phosphate compels the combination of a definite 
amount of magnesium with more than the normal amounts of 
phosphoric acid and ammonia (as was the case in the former 
series of experiments), when the supply of the soluble 
phosphate is limited the amount of magnesimn associated with 
it must fall below the normal (as is the case in the present 
series of experiments). Moreover, the behavior of the 
precipitant is quite in accord with the hypothesis ; for, though 
the influence of an excess of the soluble phosphate would 
naturally tend (as was observed) in the same direction as that 
of the ammoniimi salt and free ammonia, viz., to the production 
of the phosphate deficient in magnesiimi, the tendency of an 
excess of the magnesium salt must obviously be to increase 
the amoimt of magnesiimi in the phosphate, as was observed 
in the experiments of Table VI, The hypothesis fits the facts, 
therefore, on both sides; and, if precipitation is practically 
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xsosmio salt, irliich must become correspondingly acidic. 
ir these conditions, the teiidency to form an insoluble 
aoium m^nesium phosphate richer in ammonia and poorer 
agnesia than the normal salt, does not develop. In the 
«s of Gibba, as well as in the modified precipitation 
188 in the cold, the use of the faintly anunoniacal solution 
rash-water is suf&cient and advantageons. 

the precipitation of a soluble phosphate by magncffla 
ire the tendency of the precipitant and tiiat of the 
jnium salt are antf^nistic, so that the effect of the latter 
s somewhat masked, though manifest. This opposition 
fects has been noted by Mahon," who, though regaiding 
:tual attainment of an exact balance as uncertain, ventures 
pinion that accurate results should be attainable by the 
il relative adjustment of the proportions of the precipitant 
nunonimn salt. Mahon clums to get the best results by 
y gradual addition of m^nesia mixture to the ammoniacal 
ion of the phosphate contiuning about sixteen per cent of 
)nium chloride, strong ammonia being added subsequently. 
. OUT observations, however, recorded in section C of Table 
b appears that the method of introducing the magnesia 
ire gradually into the ammoniacal phosphate (taken in 
bity sufficiently laige to give unmistakable indications) 
tees a precipitate deficient in magnesium and so leads to 
I of deficiency in the phosphorus indicated. The use of 
^ ammonia, moreover, we have shown to be both unnec- 
r and disadvantageous. Our experiments go to show that 
results may be expected when the solution of the phosphate 
ining a moderate excess of the magnesium salt and not 

than five to ten per cent of anunonium chloride is 
pitated by making it slightly ammoniacal, the precipitate 

washed in slightly ammoniacal wash-water. In general, 
ver, and especially when more ammonium chloride than 
iroportion, or more magnesium salt than twice the amount 
etically necessary, is present, it is safer to decant the 
natant liquid from the precipitate (throogb the filter to 
* Jour. Am. Chem. Soc., zx, 446. 
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THE INFLUENCE OF HYDEOCHLOEIC ACID 
m TITEATIONS BY SODIUM THI09ULPHATE WITH 
SPECIAL EEFEEEKCE TO THE ESTIMA- 
TION OF SELENIOUS ACIDS. 

Br JOHN T. NORTON Ja." 

Ik the method of Norris and Fay f for the iodometric deter- 
mination of selenioufl acid, advantage is taken of a direct 
and unique action of sodium thiosulphate upon selenium 
dioxide in the presence of hydrochloric acid. Most excellent 
results are claimed for this method; but the exphcit state- 
ment of the originators of the method, that the amount of 
hydrochloric acid present does not influence the result, pro- 
vided the titeation is made at the temperature of melting ice, 
is so extraordinary in view of generally accepted ideas in 
regard to the interaction of hydrochloric acid and sodium 
thiosulphate, as to suggest the necessity of careful investiga- 
tion of this point. 

Pickering,! in his investigation of the reaction between 
iodine and sodium thiosulphate, has shown that more iodine 
is required to oxidize the thiosulphate as the proportion of 
hydrochloric acid increases. He ascribed this effect to the 
formation of a sulphate, apparently, by the increased activity 
of the iodine, but the more rational explanation is that, 
although some sulphate is ultimately formed, the thiosul- 
phate is first partially decomposed into free sulphur and 

• From Am. Jonr., 8cl. vii, 287, 

t Am. Chem. Jour., toL xtIU, p. 708. 

1 Jonr. Chem. Soc, toI. xxxrii, p. 136. 
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-^'ito'^^'^ oi ^^^^ ^^iia^*^ Mohrf also mention the 

B taken ^ ^^osviVe^®'^ >Xae^ ypon sodium tiiiosulphate. 

running it*^^«>i^\5 dsomoT^nT" ^^ *^ following experiments 

'"^' *^e T^i, ^\o asi appi^^. Solution and was standardized 

«ecino,^^ o£ wUch. bad ^***^^ decinonnal solution of 

^ft^Jf . ^?^^i^ 6° O -T^^^^^ and kept at a te^^ 

^1 ^''^S^^- TI?" ^^"^^ ^^ thiosulphate ran into the 

'^^^^ra.-^i ^ 1^ ^^^ *^^^® ^'^^^ considerably increased 
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TABLE L 



Yolmne of ^ Iodine vMd in titration. 



none. 



30^5 
80.22 
SO.20 
80.21 
SO.20 

25.201 

25.28 

25.29 

25.27 

25.22 

20.161 

20.20 

20.21 

20.20 

20.10 



cm* 



.mean 
80.22 



= lcni*. 



^mean 
26.27 



mean 
20.16 



om* 
30.76 
8021 
8022 
80.20 
80.20 

26.32 
26.84 
26.41 
26.24 
26.28 

20.17 
20.18 
20.16 
20.10 
20.10 



= 6 em*. 



em* 
80.76 
80.66 
81.03 
30.20 
30.21 

26.98 
26.40 
26.38 
26.30 
26.40 

20.83 
20.27 
20.20 
20.27 
20.17 



= 10 cm*. 



em* 

3120 
81.40 
80.90 
30.66 
30.66 

26.70 
26.46 
26.83 
26.63 
26.30 

20.28 
20.23 
20.17 
20.07 
20.18 



^^\& 



^^^' 



^cted.^ as rapidly as possible to avoid the separation 
R^\» "^^^^^'f wKicli is likely to occur, especially when the aoid 
v^. ^^s^ ^P^a^te are present m large quantities. A perusal 
^^S^;^^^^^\e shows that the influence of the hydrochloric aoid 
^^ ^^"^ c ^^^®^pl^te depends chiefly upon the amount of 

QpGJ^ Cbem., 6. Aufl, p. 620. f Titrirmethode, 0. Aufl., p. 279. 
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the thiosulphate preseDt and afterwards upon the degree of 
dilution and its own absolute quantity. Thus when SO cm' 
of sodium thiosulphate were employed the effect of 10 cm' 
of acid is marked at aU dilations within the range of the 
experiments ; the effect of 5 cm^ of acid is inappreciable only 
at a dilution of from 400 to 600 cm', and when 1 cm' of acid is 
employed the effect is only perceptible at a volume of 100 cm'. 
When 25 cm^ of the thiosulphate were used the influence of 
the acid is less marked; for at a dilution of 500 cm' the 
effect of 10 cm' of acid is not seen, and 20 cm' of the thio- 
sulphate ma; be present at any dilution down to 100 cm* in 
the presence of as much as 10 cm' of the acid, and even 
considerably more, as experiments not included in the table 
indicated. 

The slight discrepancies which appear occasionally in the 
table were due, no doubt, to unavoidable difFerences in the 
time of action. 

This influence of time upon the reaction between sodium 
thiosulphate, iodine, and hydrochloric acid comes oat cletirly in 
the following series of experiments, in which the t^osulphate ' 
was run into the acidified water, cooled to a temperature of 
from to 5° C. by means of ice, the solution being allowed 
to stand 5, 10, and 15 minutes. Sulphur was thrown down 
in nearly eveiy case. 



Vdltowol 

tbsUquldit 


(^ p. US) 


1^ 


Volimi. of J!J loUu DHd bi tttnUoD ■«» nudtiic J 


SiahuiM. 


10od»c.* 


ISmlimtH. 


on* 
200 
200 

aoo 


nut 

10 
10 
10 


cm! 

30 
2S 
20 


80.80 
2G.60 
20^ 


31.30 
26.00 
2070 


S2^ 

soes 



The results of the table emphasize sufficiently the necessity 
of proceeding as rapidly as possible with the titration of 
sodium thiosulphate by iodine in presence of hydroohlorio 



TITRATIONS BY SOniUj^ rrsiOSULPHATE. 
«fcH when the thiosulphate IS 
Aa would be expected, the effeot 
reaction is also marked. In tiie 
sodium thioBulphate was run iixt 
^'ously heated to the temperatixro 
^'^th iodine. 
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in considerable amount. 

o:E temperature upon the 

f ollo>«ring experiments the 

tlie acidified water, pre- 

ixLdicated, and then titrated 




^lom these results it is plairx "tliat the conditions under which 
Considerable amounts of sodiixm thiosulphate are titrated in 
^ntesence of hydrochloric Cbold must be carefully guarded 
^hen accuracy is a coiisicLeira.tioii. It is also apparent that 
• all cases the temperatixro sliould be reduced as nearly to 
C. as possible and rapi<iii>y of titration by the iodine is 
essential. So long as t>l:xo thiosulphate present does not 
ceed 20 cm* of the ^p^ solution, rapid titration in cold 
^lution proceeds with fair xegiilarity m presence of hydro- 
chloric acid up to 10 cm» of the acid of sp. gr. 1.12. When, 
however, the amount of tiiiosulphate is greater than 20cm« 
f the •* solution, car© as "to the restriction of the acid and 
dilution^of the solution Toecomes a necessity. Fortunately, 
in most analytical pxocesses involving the use of the thio- 
sulphate it is possible to add that reagent from the burette 
to the solution to b© acted upon, so that it is destroyed 
normally as fast as it is introduced and the danger of inter- 
action with the acid does not occur. In the process of Norris 
and Eay, however, ttie method mvolves the addition of an 
excess of tlie tfcdoBuipbate to the solution of selemous and 
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hydrochloiic acids, and thus the conditions pieyul which 
demand care as to the relation of the acid, the thiosulphate 
and the degree of dilution. I have experimented, therefore, 
with this process under varying conditions. 

The process of Norris and Fay for the iodometric determi- 
nation of eelenious acid coDsista briefly in treating the solution 
of that acid in ice water, in the presence of hydrochloric acid, 
with an excess of a iV solution of sodium thiosulphate and 
titrating back the excess of the thiosulphate with iodine. 
Four molecules of sodium thiosulphate act, apparently, upon 
one molecule of selenious acid according to a reaction which 
the authors propose to study. 

The selenium dioxide used was msde by dissolving presum- 
ably pure selenium in nitric acid and evaporating to dryness. 
The residue was then treated with water, and a little barium 
hydroxide was added to remove any sulphate which might be 
present. The solution was then filtered and the filtrate 
evaporated to dryness. The residue was mixed with four or 
five times its volume of dried pulverized pyrolusite, and 
the whole was put into a porcelain crucible and heated. The 
sublimate of selenium dioxide was carefully collected on a dry 
watch-glass and pat into a drying bottle as quickly as possible. 
The pyrolusite prevents any reduction of the selenium dioxide 
to selenium and the product consisted of beautiful long white 
needles. This method of preparing the selenium dioxide, 
which has been used for some time in this laboratoiy, avoids 
contamination of the selenium dioxide by nitric acid or water, 
resulting from the decomposition of the latter, which would 
be possible in case this reagent were employed in the final 
sublimation, as is recommended by Norris and Fay. The 
hydrochloric acid used was of a sp. gr. 1.12, as reconunended 
by the originators of the process. For the experiments of Table 
rV the dilution at the beginning was fixed at 400 cm', and this 
was increased in every case by the melting of the ice used to 
cool the liquid. A glance at the preceding part of this paper 
will show that at this degree of dilution the hydrochloric acid 
present has the least effect. 
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20.86 
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18.08 


0.04B0 


O.O0OM- 



These leBulta, while not bo good as those obtained by Nonig 
and Fay, are satis&ctory and show that at this degree of 
dilution the ptoceas is accurate. These results accord closely 
with those contained in Table I. At a dilution of 400 cm" or 
in the presence of only 20 cm' of sodium thiosulphate in 
excess the hydrochloric acid present had no perceptible eSecL 
Of course, it must be kept in mind that the hydrochloric acid 
acts only upon the excess of thiosulphate which is not taken 
up by the selenium dioxide. The shght constant plus error 
in these results cannot be accounted for by errors in the 
standards; ihej were all carefully determined. Another 
preparation of selenium dioxide was made, starting with pure 
selenium carefully precipitated by sulphurous acid, before 
putting it through the course of treatment previously described, 
and the results obtained by the action of the sodium 
thiosulphate recorded in Table V agree closely with those 
of the preceding table. 

TABLE V. 



bp. 


^ 




,5iX 


H^^^to 


8(0, f mod. 


0.0004+ 
0,0004+ 


8! 


fim. 

o.Dee2 

0.0G61 


cm! 
10 


400 
400 


ml 
0,63 
11.20 


0.0600 
0.0666 



The next step was to determine the effect of diminishing the 



212 INFLUENCE OF HYDROCHLORIC ACID IN 

dilution and of Taiying the etrengtli of acid. Tlie following 
table gives the results of my experiments. 



bp. 


ofBaO, 
MkMuT 


# 


HGl 


^^t 


S£l 


fcnn. 






CB^ 


CBf 


BOf 




ftn. 












0.1041 


0.0001- 


2> 








1S.8 


0.0011 




(3) 








21.& 


o.Dei» 


0,0022- 


4 


OJ)767 


200 




18.07 


0.0749 


0.0006- 


(fil 


O.OM0 


aoo 




21.02 


0.0622 


0.0018- 




0.0674 


800 


5 


10.04 


0,0079 


O-OOOW- 


(T) 


0.2416 


400 


' 


16.9 


a2424 


aooo&f 



It 18 a|^>arent that at the dilution of 200 cm' we run into 
difficulties, and the greater the excess of thiosnlphate present 
the greater is the error. When the amount of sodium 
thiosulphate exceeds 20 cm' a reduction in the amount of acid 
to 5 cm' is pl^nly of advant^e, as is shown in a comparison 
of Exps. (1), (8), and (5), and is not dlsadvantageotis at 
larger dilutions and with smaller amounts of the thiosulphate, 
as shown in Exps. (6) and (7). The necessity of placing 
some limits on tiie method of Norris and Fay has now, I 
think, been established. The excess of the thiosulphate must 
be carefully regulated, as well as the temperature. If one has 
knowledge of the approximate amount of selenious acid in 
solution, this is not a matter of great difficulty, and liiii^ 
^ould be so arranged that no more than 20 cm' of the ^ 
thiosulphate should ever be present in excess of the amomit 
necessary to reduce the selenious acid. If this limit — 
amounting to 0.0400 cm' of SeOi — is placed upon the 
thiosulphate, so much as 10 cm' of hydrochloric acid (sp. gr. 
1.12) may be present without endangering the accuracy of the 
process, provided the solution is diluted to 400 cm' at the 
outset; if only 6 cm' of hydrochloric acid are present, 
the volume at the b^;inning may be reduced with safety to 
200 cm'. At all events, 5 cm' of the hydrochloric acid are 
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amply suffideiA \d AC^Wtw ^* *^® reaction between the 
thiosTilpbatB anfli ^e ^*^\Jx ^ ^* ^^y dilution within the range 
of my experiments. ^ ^ ^ precautions taken, the process 
of NorriB and Fay \s ^^^^J^^^^'.^^ accurate ; without them, 
as the experimental ^ ^ ^l^dicate, errors of considerable 
amount may enter. 

According to the method of Muthmann and Shafer,* the 
determination of seleniouB acid is effected by the simple 
addition of potassium iodide to the acidulated solution of 
selenious acid, and the iodine set free is titrated with sodium 
thiosulphate. In this procedure the thiosulphate is taken up 
by the iodine as it is added to the solution, so that the danger 
of any action between the thiosulphate and the acid is out of 
the question. It was shown in a former paper from this 
laboratory f that this simple method is inaccurate on account 
of the incompleteness of reduction in the cold and in presence 
of the iodine evolved. In a later article also from this 
laboratory X it was shown that selenium may be completely 
precipitated and determined with accuracy gravimetrically 
provided the amount of potassium iodide employed is enor- 
Tuorisly in excess of that theoretically required. This suggests 
naturally the trial of very large excesses of potassium iodide 
in the procees of Muthmann and Shafer. The details of 
experiments made in this manner are given in the following 
table. 







TABLE 


VIL 






Exp. 


BeO. 

VMO. 


KI. 


Vol. of 
■olo- 
tkm. 


HOI 


8eO, 
found. 


Srror. 




gnu* 


gnn. 


em* 


OBk' 


gnn* 


H^ku. 


2) 


0.0663 


10 


160 


10 


0.0668 


0.0006+ 


0.0674 


6 


160 


10 


0.0667 


0.0007- 


4) 


0.0688 


6 


160 


10 


0.0688 


0.0000 


0.0487 


6 


160 


10 


0.0484 


0.000^ 


(6) 


0.2617 


10 


160 


10 


0.2689 


0.0028- 



* Ber. DUch. chem. Ges., zzrl, 1006. 

t Gk>och and Beynolds, Am. Jour. Sci., 1, 264. Volume I, p. 310. 

I Peirce, Am. Jour. Sd., i, 1806, 416. Volume I, p. 366. 
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It is obvious that for small quantitieB of selenium dioxide tlie 
accniacy of the process ia very much increased by the use of 
lai^ amounts of iodide, though, of couiae, the difficult in 
leading the end reaction due to the presence of precipitated 
led selenium still remains ; but the process is still inaccuiatfl 
when large amounts of selenium dioxide ate employed. 



THE VOLATILIZATIOK QP THE IRON CHLOR- 
IDES IN ANALTfSlS AND THE SEPARATION 
OF THE OXIDES OP IRON AND ALUMINUM. 

Bt F. a. GOOCH iHD FRASKE STUABT HAVENS." 

It is well known that metallic iron is eafdly acted upon by an 
excess of chlorine at moderately elevated temperatures with 
the formation of ferric chloride, and that the product of the 
action of hydrochloric acid gas upon the metal is ferrous 
chloride. Out of contact with air, or moisture, both chlorides 
may be volatilized at appropriate temperatniea — the ferric 
ohloride below 200° C. ; the ferrous chloride at a bright red 
heat. If water vapor, or oxygen, or air be present during 
the heating, both chlorides are partially decomposed with 
the formation of non-volatile residues, ferric oxide or ferric 
ozy-chloride. 

Analytical processes involving the volatilization of iron at 
temperatures more or less elevated, in an atmosphere of chlo- 
rine or hydrochloric acid, have been t^e object of considerable at^ 
tention. Thus, Freseiuus,f Drown and Shimer,} and WattB,§ 
have heated crude iron in chlorine to remove the metal and 
leave the non-volatile constitutents ; and Sainte-Claire Deville|[ 
has employed hydrochloric acid to volatilize iron from mix- 
tures of that metal with alumina (obtained by heating the 
mixed oxides of iron and aluminum ic 
Rivot},^ exposing the mixture, contai 
and placed within a porcelain tube, 
of a charcoal furnace — an operation 

• Trom Am. Jonr. Sd., tU, 870. t Z 

t Jonr. bwU Min. Eng, tUI, &1& | C 

I Ann. Chim. [8], zutUI, 23. T i 



216 THE VOLATILIZATION OP THE 

Cooke's* uae of a tube of pktmum instead of the porceltun 
tube and a gas blowpipe in place of the charcoal furnace. 
Sainte-Claire Deyillef showed, further, that ferric oxide may- 
be converted to ferric chloride and volatilized at Uie heat of 
the charcoal furnace if the current of hydrochloric acid is 
sufKciently rapid ; but the curious effect was observed that in 
a sufficiently limited current of the acid no chloride whatever 
was volatilized, while the amorphous oxide was converted to 
the highly ciystalline oxide of the same compoEdtion — a phe- 
nomenon which gave rise to a theoiy of the natural formation 
of specular iron in volcanic regionfl. 

Quite recently, Moyerf has made recoid of an unsuc- 
cessful attempt (in the course of experimentation upon the 
volatility of certain chlorides at comparatively low tempera- 
tures) to convert ferric oxide completely to ferric chloride t^ 
the action of gaseous hydrochloric acid at about 200° C. At 
this temperature the greater part of tiie iron sublimed, bat a 
residue remained, which, volatilizing neitiier on long heating 
at 200° noT upon considerable elevation of the temperature, 
proved upon examination to be ferrona chloride. In the 
experiments to be described we have acted with gaseous 
hydrochloric acid upon ferric oxide made by igniting ihe 
nitrate prepared from pure iron deposited electrolytically by 
high currents passing between electrodes of platinum in a 
strong solution of ammonio-ferrouB sulphate. The oxide, 
contained in a porcelain boat, was heated within a roomy glass 
tube over a small combustion furnace. The hydrochloric acid 
(generated by dropping sulphuric acid into a mixture of 
strong hydrochloric acid and salt, and dried by calcium chlor- 
ide) entered one end of tiie tube and passed out at the other 
through a water trap. In early experiments a high-reading 
thermometer was inserted through tihe stopper in the exit 
end of the tube so that iis bulb was above and immediately 
adjacent to the boat canying the oxide. In this way the 
actual temperatures of the vapors about the boat were fixed 

■ Am. Jooi. 8cL, xUI, T8. t Compt rend., lU, 1264. 

i Jonr. Am. Chem, Soc, zriii, 1029. 
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with conaidewkift ^ ^^ ^xltrr^*^^' ^^^ * ^*^ experience in 
gauging the ©ftecfe o* ^dr(vW^^^^» ^* ^'''M found that the tem- 
peratuies could \)0 A^gj^ ^^^^ ^®V closely without actually 
depending upon the "^ ^i^^^*^^- We found, as did Moyer, 
that ferric oxide, subtJ^y^ to the action of dry hydrochloric 
acid gas, volatilizes paT^i^y as ferric chloride at low tempera- 
tures — 180^ to 200*" C. — leaving ultimately a crystalline 
residue which does not change visibly when heated for an 
hour or two at 200**, or even at 600% in the pure dry acid. 
According to our experience, this residue is generally slightly 
reddish or sahnon-colored ; but sometimes, especially after a 
second heating, the boat having been withdrawn from the 
tube or exposed to the atmosphere (and so to moisture), the 
residue is white. When it is white it dissolves in water, 
yields the characteristic reaction for a ferrous salt with potas- 
sium ferricyanide, gives no reaction with potassium sulphocy- 
anide, and upon treatment in weighed amount with potassium 
permanganate destroys the amount of that reagent theoretically 
required for its oxidation upon the supposition that it is fer- 
rous chloride. The slightiy colored residue when treated with 
^water yields a solution showing the reaction of a ferrous salt 
only, but when treated with hydrochloric acid and then tested 
shows the presence of a trace of iron in the ferric condition. 
Doubtiess the coloration of the residue is due to an included 
tauce of ferric oxide or oxychloride, which after exposure of 
the containing crystals to slight atmospheric action, is more 
easily reached in the second heating by the gaseous acid. The 
amount of residue is somewhat variable, but approximates 
under the conditions of our work to from five to ten per cent 
of the oxide taken : thus, in one typical experiment 0.1 grm. 
of ferric oxide left a residue which (withdrawn after cooling) 
weighed 0.0115 gnu. 

The greater portion of the ferric oxide volatilizes when 
submitted to the action of the gaseous acid at 200'' quickly 
and abundantiy in the form of the greenish vapor of ferric 
chloride, and if the operation is interrupted at this stage the 
residue which remains is nearly black, insoluble in water, 
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slightly soluble in cold hydrochloric acid, and readily soluble 
in hot hydrochloric acid with the formation of ferric chloride. 
It is probably something analogous to the oxychloride which 
Rousseau* identifies as the product of the action of water 
upon ferric chloride at 275° to 800^. This dark residue 
yields to the action of the hydrochloric acid at 180° to 200° 
only slowly, but ultimately only the residue which is essen- 
tially ferrous chloride remains ; thereafter little volatilization 
occurs within the range of temperature of our experimentation 
— 200° to 600°. 

It is obvious that a reduction of iron in the ferric condition 
to iron in the ferrous condition takes place under the con- 
ditions of our work, and it in difficult to see how this can 
occur otherwise than by the direct dissociation of feirio 
chloride under the low partial pressure conditioned by the 
brisk current of hydrochloric acid gas. The temperature of 
formation^ 180° to 200°, is &r below that at which such 
dissociation is supposed to begin. Thus, Gruenewald and 
Meyer t found, after cooling, no evidence of the dissociation 
of ferric chloride which had been heated in the Victor Meyer 
vapor-density apparatus to 448° in contact or partial mixture 
with nitrogen; but ten per cent of the residue obtained by 
heating to 518° was in the ferrous condition. Friedel and 
Crafts,| however, did see crystals of ferrous chloride at 440° 
on the walls of a Dumas container filled with the vapor of 
ferric chloride and nitrogen, the former exerting a partial 
pressure of 0.76; while ferric chloride volatilized into an 
atmosphere of chlorine without evidence of dissociation. It 
seems rather surprising, therefore, to find so large a percen- 
tage of dissociation as that shown in our experiments at a 
temperature so low — 180° to 200°. Curiously, too> we find, 
on repeating the experiment of heating ferric oxide in gaseous 
hydrochloric acid, that if the temperature of the oxide is 
460° to 600° when the brisk current of acid begins to act, 
the whole mass of oxide is converted and volatilizes without 

* Compt rend., czri, 118. t Ber. Dtsch. chem. Ges., xzi« 687. 

X Compt rend., cyii, 901. 
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residue. It is Ixajdly to be supposed that the degree of 
dijjociatioix at 450- to 500^ can be less than that at 180° to 
200 , and a test of the sublimate, after cooling, shows that 
It contoins a f erroiis salt. Plainly, ferrous chloride (formed 
by aifi&ociatiori> lias volatilized, and inasmuch as the ferrous 
cUoride conatitixtiiig the residue formed at 180° to 200° does 
not volatiliiie in the hydrochloric acid even at 600° it is plain 
that the volatility of the former is not determined by the 
presence of ttie latter. Apparently, the cause of the com- 
pleteness of volatilization must be sought in its rapidity ; and 
this is not an unreasonable hypothesis, if one considers that 
an action sufficiently rapid to keep above the boat an atmos- 
phere of fenic chloride and its products of partial dissociation, 
might naturally provide the very condition which would be 
effective in coimteracting the tendency of the residue to 
dissociate before it volatilizes. If this hypothesis is correct, 
it is plain that the introduction of chlorine gas, the active 
product of dissociation, into the atmosphere of hydrochloric 
acid ought to bring about the volatilization of the residue 
of ferrous chloride, formed at 180° to 200°, which refuses 
to volatilize in the acid alone. As a matter of fact, we find 
by experiment that if a littie manganese dioxide is added 
to the contents of the generator, so that the hydrochloric 
acid may carry with it a little chlorine, every trace of ferric 
oxide is volatilized from the boat at 180° to 200°; and 
the residue of ferrous chloride found at 180° to 200° when 
the hydrochloric acid is used alone is likewise volatilized 
at the same temperature, when the admixture of chlorine 
is made. 

These facts, that ferric oxide is completely volatile in 
hydrochloric acid gas applied at once at a temperature of 
450° to 500° C, and at 180° to 200° if the acid carries a 
little chlorine, open the way to many analytical separations 
of iron from substances not volatile under these conditions. 
In the experiments of the following table we have applied 
these metiiods to the separation of intermixed iron and 
aluminum oxides. The ferric oxide employed was made, as 



220 THE VOLATILIZATION OF THE 

before, 1^ ignitaon of the nitiate prepared from iron depomtod 
electrolyticaUy by a strong current passing between platinnm 
electrodea in a eolution of ammonio-ferioTis sulphate.* Tlie 
aliimiiiiim oxide vas made by igniting to a constant wei^t 
the carefully washed hydroxide precipitated by ammonia from 
a pure hydrous chloride thrown down from the solution of 
a commercially pure chloride by hydrochloric acid.t The 
hydrochloric acid gas was made by dropping sulphuric acid 
into strong hydrochloric acid mixed wilii salt, and a little 
manganese dioxide was added when the mixture with chlorine 
was desired. The experimental details are given in the 
table. 



S&. 


s& 


^ 


mo. 


Ttat 




Atmoqta*. 


gnu. 
0.1000 
0.2000 
0.1020 
0.2146 


fun. 

oiibis 

0.1000 


(no. 

olibie 

0.1008 


0.0000 
0.0000 
0.0000 
0.0002+ 


i 


4fi(V-fi00 

460-600 
460-600 


HCl 

Ha 

HQ 
HCl 


0.1000 
0.1000 
O.I0T2 
0.2045 
0.1060 
0.2008 


a'lbsa 

0.1018 
0.1032 
0.102S 
0.1007 
0.1087 


oliins 

0.101& 
0.103S 
0.1010 
0.1000 
0.1067 


0.0000 

0.0000 

0.0002+ 

0.0001+ 

0.0004- 

O.0001- 

0.0000 




180-200 
180-200 
180-200 
180-200 
460-600 
460-600 
46O'£00 


HCl + CI, 

Ha + ci» 
Ha + ci,. 
Ha + cv 
Ha + ci». 
Ha + cv 
Ha + ci^ 



The residual alumina tested in several experiments by 
fnaott with sodium carbonate, solution in hydrochloric acid, 
and addition of potassium sulphocyanide gave no indication 
of the presence of iron. 

The sepaiatiou of the iron is obviously complete at 450° 
to £00° when the mixed oxides are submitted at once to 
the action of hydrochloric acid gas, or at 180° to 200° when 

* Hie lue of txt uiode of eommerciallj pure iron win natnnllj fadlitatc* 
tlie operation, but in oni' experience the deposit thai obtained ii likely b) 
canr trace! of impnrit}'. In an attempt, too, to prepare pure ferric oxide 
from the oxalate thrown down oat of ferroiii lolphate with all precantioni, 
the material obtained itill held tracei of itlica, and poitiblj' alumina, amoont- 
Ing to 0.0004 grm. in 0.1 grm. of the oxide. 

t From Am. Jonr. Sdu, 11, 416. Thi* rolume, p. 30. 
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ddoriM is mixea. -with the hydrochloric acid. Plainly, the 
wttemely higH temperatmrea employed by Deville are un- 
neceasary if tlio mixed oxides are submitted at once to the 
action ol tydrocbloric acid at 450" to 500" without previous 
genfte heating in the acid atmosphere. We prefer, however, 
to xise tiie iuis.ture of chlorine and hydrochloric acid, not 
only hecauao the tempemture of the reaction is lower, but 
because it needs no regulation, while the danger of error 
Biiraig irom tihe liaUlity of ferric chloride to disBociate, or 
from deficiency of oxidation in the oxide treated, or from 
mechanical loss due to rapid volatilizataou, is avoided. 
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THE TITRATION OF OXALIC ACID BY POTAS- 
SIUM PERMANGANATE IN PRESENCE OF 
HYDROCHLORIC ACID. 

Bt f. a. gooch iM> c. a. peters." 

LowEtTTHAii and Lenssen f were the first to Bhow that tiie 
titration of a ferrous Bait by potassium permanganate in the 
presence of hydrochloric acid, according to the process of 
Margueritte { is vitiated by the evolution of chloride outoide 
the main reaction, and te point out that a remedy for the 
difficulty is to be found in the titration of ihe ferrooB 
salt in divided portions, other equal volumes of the ferrous 
solution being added te the liquid in which the first titration is 
accomplished until the amount of iron indicated by successive 
titrations becomes constant. 

Ke3sler§ showed the lestraining influence of certain sulphates, 
of manganons sulphate in particular, upon the irregular and 
undesirable interaction of the permanganate and hydrochloric 
acid, and Zimmennann,|| in apparent ^oranee of Eessler's 
forgotten proposal, advocated the introduction of a manganona 
salt, best the sulphate, into the ferrous salt to be determined, 
thus accomplishing the purpose of the empuical procedure of 
Ljiwenthal and Lenssen. 

The tendency toward evolution of chlorine in the oxidation 
of a ferrous salt l^ permanganate, as compared with the 
absence of such tendency in the similM oxidation of oxalic 
acid, in presence of hydrochloric acid, was explained by 

* From Am. Jour. Set., rii, 401. t Zeitjcbi'. ui&L Chem., i, 320. 

t Ann. Chim. Fh^ [3], ivUl, 244. 

S Ann. Phyi., czciv. 48 (1863) ; czcr, 225 <1863). 

U Ann. Chem., ccxiii, 302. 



TITU"^ ..t>^ -^-4Z/C ACID, ETC. 228 

Zimmeimami on ^ 10^^ ^^ *^^ ^^ oxide of iron higher 
than ienic oTiAft ^ ^J^ • ^^ an intermediate product, and 
that this TinBtaUe ^ ^-^ ^xifficiently active to break up 
hydrochloric acid ^ \xr^^ *^ oxidize more of the ferrous 
salt. Quite recently' ^ ^gner ♦ finds explanation of the 
sensitiveness ol the byto>chloric acid solution of the ferrous 
salt in the probable f ormatioii of chlor-f errous acid (analogous 
to chlor-platinic and chlox-auric acids), which suffers oxidation 
more readily than hydrochloric acid under the action of the 
permanganate. The protective influence of the manganous 
salt turns apparently, as Zimmermann suggested, upon the 
initiation of Guyaid's reaction, according to which the per- 
manganate and manganous salt interact to form a higher 
oxide of manganese of a constitution approaching the dioxide 
more or less closely — this oxide being capable of oxidizing 
the ferrous salt, but slow to act upon the hydrochloric acid, 
or the chlor-ferrous acid of Wagner. According to Volhard,! 
the reaction of Guyard is favored and hastened by heat and 
concentration of the solution, while it is delayed by acidity 
and dilution; but even in solutions containing very little 
manganous salt and a considerable quantity of free acid the 
&int rose color developed by the careful addition of perman- 
ganate ultimately vanishes until every trace of the manganous 
salt is precipitated. When a considerable amount of the salt 
is present interaction follows immediately the inti*oduction of 
the permanganate. Zimmermann advocates the use of 4 grams 
of manganous sulphate uniformly in titrations of a ferrous 
salt by permanganate, a procedure to which Wagner gives 
acquiescence, though pointing out that a ninth of that amount 
is all that he finds to be necessary. The excess of the 
manganous salt can do no harm so long as the higher oxide, 
the product of interaction of the manganous salt and the 
permanganate, is immediately reduced by even traces of a 
ferrous salt, and this appears to be the case at least within 
the limits proposed by Zimmermann and Wagner. Thus we 

* Massanaljtische Stndien, Habilitationsscbrift, Leipzig, 1898. 
t Ann. Chem., czcviii, 818, 1879. 



224 TITRATION OF OXALIC ACW 

find, as shown in results of the accompuiying table, that eo 
much as five giams of the sulphate may be present in 135 cm* 
of the liquid, containing about 5 cm' of hydrochloric acid of 
full strength, without interfering with the regularity of the 
titration ; and the effect is trivial even when the amount of 
manganoufi sulphate reaches ten gioma. We find also practical 
r^^ularity of working when manganous chloride is substituted 
for the sulphate and in this respect our results accord witli 
those of Zimmermann and differ from those of Wagner.* 
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In all cases, however, in which the larger amounts of manga- 
nous salt are present, the end reaction is marked by the advent 
of a brownish-red precipitate rather than the clear pink of 
the soluble permanganate, and it is obvious that in case the 
BolutJons to be oxidized were not active enough to act with 
rapidity upon the product of the Guyard reaction, difBculty 
might follow the failure to adjust the conditions more 
particularly. 

It has been stated 1^ Fleischerf and Zimmermaiin % that 
hydrochloric acid interferes in no way with the titration of 
oxalic acid by potassium permanganate. This statement, 
however, is not in accord with our experience; for we find 
that in such titrations there is a small though real waste of 



• I«cclt,p.l04. 



t Volumetric Analjili; 
X Locdt. 



■■ bj Mnir, p. 71. 
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permanganate proportionate to the amount of hydrochloric 
acid piesent- Tliis fact ia brought out clearly in the comparison 
of experiments of section A in the f oUowing table, in which 
nohydrocbloxic a«id waa present, with experiments B in which 
bydiochloric acid, ^was present. 



Temperature at beginning, about 80° C. 
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28.80 
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}600 


10 


10.0 


26 


24.00 


0.26f 




(600 


10 


10.0 


26 


24.10 


0.86+ 



From these results it is evident that, though the error intro- 
duced by the presence of the hydrochloric acid during the 
action of the permanganate upon the oxalic acid is small, it is 
plainly appreciable. The questions arise, therefore, first, as to 
whether the secondary action of the permanganate upon the 
hydrochloric acid may be prevented by the presence of a 
suitable amount of a manganous salt, and, secondly, as to 
whether in this event the reducing agent — the oxalic acid — 
is sufficiently active, like the ferrous salt, to prevent the 
premature establishment of an end color due to the Guyard 
reaction. The latter question must naturally be settled before 
the former can be taken up. In the accompanying table are 

recorded the effecte of varying amounte of manganous salt in 
▼ox., n.— 15 
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presence of different amounts of sulphuric acid in the 
of permanganate upon oxalic acid. 

TtmptralTirt at begimiing, abotit 80° C. 



onlM* HdO, . 6B,0. 



From the results given it is evident that the persistence of 
the Guyard reaction is Uable to interfere with the end reaction 
of oxidation of oxalic acid unless an adjustment is made 
between the quantity of the manganons salt, the amount of 
acid, and the dilution. In hot solutions of a total volume of 
130 cm^ at tiie beginning, no more than 2 grms. of the 
manganouB sulphate should accompany 5 to 10 cm' of the 
1 : 1 sulphuric acid; when the total volume at the beginning 
reaches 500 cm' no more than a single gram of the salt should 
be present with 6 cm* of the 1 : 1 sulphuric acid. The amount 
of manganous salt may, however, be increased considerably if 
the quantity of acid is increased. 
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Ab Kesaler lias xioted, a sufficiency of the manganons salt, 

acting BO do^V>t sks the medium of transfer of oxygen, may 

bring about intexaction between the permanganate and the 

oxalic acid at atxxiospheric temperatures without the tedious 

dfilay oidinanly encountered in the attempt to consummate 

that action in cold solutions. It would seem natural that the 

manganic hydroxide formed in the Guyaid reaction at low 

tempeiatuies alioiild jrield more readily to the reducing action 

oi the oxalic acid than the more anhydrous form to be expected 

in hot solutaons, so that at such temperatures the limits as to 

propoTtions of manganous salt, acid, and dilution, within 

winch fayorable action may take place, should be wider; 

moreover, the undesirable action of the permanganate upon 

Temperature 20O-26<' C. 
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hydrochloric acid, when that acid is present^ should be less 
appreciable at lower temperatures. In onr experiments, 
therefore, upon the oxidation of oxalic acid by potassium 
permanganate in presence of hydrochloric acid, we have studied 
the effect of varying the proportions of the manganous salt 
both at atmospheric temperatures aud the higher temperatures 
generally employed. 

From these results it appears that the presence of a suit- 
able amount of manganous salt — either the sulphate (4-7), 
(18-16), (22-24) or the chloride (10-12), (16-20) — is 
capable, either in cold solution (1-20) or in hot solution 
(22-24) of preventing the action of the permanganate upon 
Had hydrochloric acid. It appears, also, that, for a given 
dilution and strength of acid, less manganous salt is needed 
in the cold solution (4-7) than in the hot solutions (22-24). 
Thus, in the hot solution, at a dilution at 145 cm' to 500 cm' 
1 grm. of manganous sulphate must be present with 5 cm' 
of strong hydrochloric acid, with or without sulphuric acid; 
while in the cold solution 0.04 grm. of either the sulphate 
or chloride is enough to secure adequate protective effect. 
Experience showed, however, that 0.5 gnn. or 1.0 grm. of the 
manganous salt should be present in order to push the re- 
action with reasonable speed in cold solutions. 

Wagner* has made record of the increased evolution of 
chlorine in oxidations of ferrous chloride by potassium 
permanganate in presence of various salts, of which barium 
chloride was the most active. We have made some experi- 
ments, therefore, to determine whether such action would 
appear in the oxidation of oxalic acid in cold solutions 
containing certain salts, and, if so, whether it would be 
preventable by the presence of the manganous salt under our 
conditions of working. From the results given in the 
accompanying table, it is plain that the evolution of chlorine 
in cold solutions is less in the presence of these salts than 
when hydrochloric acid is used without them, and that such 
evolution may be entirely prevented (within the proportions 

«Loc.cit. 



BY POTASSIUM PERMANGANATE. 



229 



of our work^ by the presence of 0.5 grm. to 1 gnn. of 
manganous chloride. 

Finally, it appears as the result of an investigation, that the 
titration of oxalic acid by potassium permanganate in presence 
of hydrochloric acid is ordinarily attended with some inaccu- 
racy due to liberation of chlorine from the hydrochloric acid ; 
that this tendency may be overcome by the presence of a 
manganous salt — either the sulphate or chloride; that 1 grm. 
of the manganous salt is enough to so affect the conditions of 
equilibrium that titrations in moderate volumes (100 cm' to 
600 cm*) and in presence of hydrochloric acid (6 cm* to 15 cm* 
of the strong acid) may be conducted with safety and reasonable 
rapidity, either with or without sulphuric acid, at the ordinary 
atmospheric temperature. 

Volume at Beginning of Titration = 140 cm*. 
Temperature = 200-24® C. 
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THE ESTIMATION OF IRON IN THE VEBBIC STATE 
BY EEDUCTION WITH SODIUM THIOSULPHATK 
AND TITRATION WITH IODINE. 

Bt JOHN T. KOBTON, Jk.» 

The actios of sodium thiosulphate on fenio iron lias long 
been known and depends upon the following reaction: 
2FeCl, + SNaiSiO, = 2FeCl, + Na,S«0, + 2NaCL 
As early as 1859 Scherert proposed a method for the 
estimation of ferric iron dependii^ on the above reaction. 
Scherer's method of procedure was to act npon a solution of 
ferrio chloride with sodium thiosulphate until the purple 
color produced b; tia interaction of these two salts just 
vanished. Mohr's | experimental testa of this process were 
not BuccessfuL A year or two later Kremer and lAndolt,§ 
after a careful investigation of Scherer's process, reccnnmended 
it with the modification that any free hydrochloric acid pres- 
ent should be neutralized by sodium acetate until the solution 
assumed a red color, just enough hydrochloric acid added to 
destroy this red color, and sodium tiuosulj^te run into the 
solution in slight excess. When the liquid became perfectiy 
colorless and gave no reaction for ferric iron with potassium 
sulphocyanide, the excess of sodium thiosulphate was titrated 
back with iodine and starch. The authors also state that 
the ferric iron should not be present in concentrated solution. 
Veiy good results were chdmed for this process, but it 
apparentiy guned but slight rec(^ition. 

■ I>am Am. Jour. 6ci, tIU, 3& 

t Oel. AnielK. k. BftTrUch. Acad, Aog. 81, 1869. 

J Ann. Chem. Fbann., cxiU, 260. f ZalUchi. uul. Cbem., 1, 214. 
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Ondemanns,* who was the next to study the action of ferric 
iron and sodium thiosulphate, claimed that the addition of a 
small quantity of cupric salt to the iron solution hastened the 
reducing action of the sodium thiosulphate. Mohr^f however, 
condemned this method also as unreliable, both because the 
sodium thiosulphate acted upon the copper as well as the iron 
and also because the potassium sulphocyanide, added as an 
indicator of the completeness of the reduction, produced a 
precipitate of cupric sulphocyanide which interfered with 
the reaction. In a second paper Oudemannsf reiterated 
his former statement as to the accuracy of his method but 
advised the use of a smaller quantity of the cupric salt. 
An improvement on Oudemanns' process was proposed by 
Haswell,§ who mixed the moderately acid solution of ferric 
chloride in the presence of a cupric salt with a few drops of 
sodium salicylate and then reduced with sodium thiosulphate 
previously standardized upon a known quantity of iron by 
the same process and estimated the excess by potassiimi 
dichromate. Bruel || modified this process by operating 
without the copper solution, relying merely on the discharge 
of the violet color in a boiling solution by sodium thiosul- 
phate standardized on a ferric solution of known strength. 

Although considerable work has been done on the reaction 
between ferric iron and sodium thiosulphate, no process 
depending upon this reaction has obtained acceptance. In 
view, therefore, of previous work on the action of hydro- 
chloric acid upon sodium thiosulphate IT and with the idea that 
a careful control of the dilution and quantity of acid present 
might greatly better the accuracy of the method, it has 
seemed to me to be desirable to study this process again in 
detail 

The ferric oxide employed in the experiments was prepared 
with great care by the ignition of ferrous oxalate obtained by 

♦ Zeitschr. anal. Chem., yi, 129. t Titiinnethode, 6^ Aufl., 294. 
% Zeitschr. anaL Chem., iz, 802. 
§ Repertoriiun der analytischen Chem., i, 179. 
11 Compt. rend., xcyii, 954. 
t Am. Jour. Sci., yu, 287. This Tolnme, p. 206. 
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■ actiiig with oxalio acid on pure ammomum ferrous sulphate. 
To aacertaln, however, if this oxide ooatained any impuiit;, 
about 0.5 of a. grm. was put into a poicelain boat and sub- 
mitted to the action of a current of hydrochlorie acid gaa and 
chlorine at a temperature of about 280° C. (according to a 
process recently described from this laboratoiy *} until all the 
ferric salt ia volatilized in the fonn of feme chloride. A 
residue of 0.0010 grm. for eveiy 0.5 of a grm. of the oxide 
was foimd, and this correctioii, small for the amounts 
generally used, baa been applied in the following determina- 
tions. The sodium thiosulphate used was taken in nearly ^ 
solution and was standardized against an approximately 
deciuonnal solution of iodine which had been determined by 
comparison with decinonual arsenious acid made from care- 
fully resublimed arsenious oxide. 

In those experiments which deal with amounts of ferric 
oxide not exceeding 0.2 of a grm., measured portions of a 
solution of ferric chloride made of known strength by dis- 
solving about 2 grms. of the pure carefully weighed fenio 
oxide in 20 cm' of strong hydrochloric acid and diluting to 
one liter, were drawn from a burettq. In the case of the 
laiger quantities of ferric oxide the salt was weighed out, 
dissolved in hydrochloric acid and brought to the required 
dilution. The ferric chloride, either drawn from the burette 
or prepared directly from the weighed oxide, was diluted with 
vater, a drop of potassium sulpbocyanide added to serve as 
an indicator and an excess of sodium thiosulphate was run 
in until, after standing for a few minutes, the solution became 
perfectly colorless, and the excess of sodium thiosulphate 
was then titrated back with decinormal iodine after the 
addition of Btarob. 

Several sources of error are, plainly, possible in the process : 
incompleteness in the reduction of the ferric salt ; decomposition 
of the thiosulphate by the acid, resulting in the subsequent 
over^mn of iodine ; tiie possible tendency of the ferric salt 
under concentration to oxide the thiosulphate to the condition 
* Gooch Bud Haveiu. Am. Jonr. 8cL, tU, 8T0. ThU rolume, p. SIC 
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of the solphate rather than to that of the tetrathionate ; and 
finally the oxidizing action of the air, vhich may tend to 
keep up progressiTe oxidation of the iron salt and excessive 
expenditure of thiosulphate. The first three sources of diffi- 
culty tend to produce eirors of deficiency; the foiuth an 
error of excess. 

The first step in tlie experimental study of the process was 
to determine tSaa effect of varying dilution upon the estimation 
of a given quantity of iron reduced by sodiom thiosulphate, 
taken in practically imiform excess above the amount theo- 
retically reqiiired, in the presence of 1 cm' of hydiochlorio 
acid. 

TABLE t 



This table shows plainly that with quantities of ferric oxide 
present up to 0.1 grm. the dilution can vary from 400 cm' to 
1000 cm' for each cm' of strong hydrochloric acid and still 
give excellent results. At a dilution greater than 1000 cm' 
the action of the thiosulphate is evidently incomplete, and at 
a smaller dilution than 400 cm' the decomposing action of the 
acid on the thiosulphate becomes noticeable. When larger 
quantities of iron oxide are dealt with, it appears that the 
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dilution onght to be increased proportionally with the quantity 
of ferric oxide present as well as with that of tiie acid. This 
is illustrated in ezperiments 9-15 of the table. On this 
account it seems necessary, assumii^ that the quantity of 
acid present is always kept within the maTiimuin strength 
mentioned, 1 cm' to 400 cm', to regulate the dilution from the 
approximate quantity of the iron so that not less than 400 cm' 
of water shall be used to every 0.1 gim. of iron oxide present. 
Under properly regulated conditions of dilution as regards 
acid and the iron salt, the reduction is completed in from five 
to ten minutes. 

Great excesses of acid, however, contrary to tiie statement 
of Kremer,* retard the reduction greatly, and, in spite of the 
tendency of t^e thiosulphate to decomposition and the pro* 
duction of errors of deficiency under such circumstances, plus 
errors due to partial oxidation come to light This fact appears 
in the following table, which recoids the results of processes 
laating many hours. 

TABLE n 
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As to the temperature at which the reduction should be 
made, my experience, contrary to that of Kremer, goes to show 
that no elevation above atmospheric conditionB is necessary ; 
under the conditions of acidiQr and dilution laid down, the 
process of reduction is complete within ton minutes after the 
introduction of the thiosulphate ; moreover, former experience f 
shows clearly the danger of submitting mixtures of sodium 
thiosulphate and acid to temperatures much above the ordinary. 
On the other hand, artificial reduction of temperature tends 

* Zeitachr. sul. Ch«ni., ], 214. 

t Am. Jonr. 8cL, toI. rii, 287. Thii Tolnme, p. 206. 



^^ ^-i.ir SomvM THIOSVtPBATE. 286 

«*"k^ ^**^ the action t^ ■>» - 

«^5,«im«,t it i«,k a™ ^■„"^*^"''° ^«^ Thu»,iii ,» 

/Alr^^afe «f !>r • r ,„ " > =»miite8 to reduce 0.0500 of ferric 

S^ L fi ""^Pl^toly a,t a dilution of 200 cm' a:,d in 

atf^ p^n>^ i cm» of hydxoohlorio acid; uuder couditiom 

^""^^^^J^^ir^ «--oepti.g that the tempe^tuxe™ 

-^KS/^^? ''■•J°«^'»°n lingered totly-tiTemiiute.. 

%>-, ,!*« -JuesfonaB to tliB ej^eese of Uuosdplate necee^ry 

'Oftipjete ">« reduction -tirithii, s reasonable time must be 

I^UdtbA- _"~, .° , y ""^ previously lecoided experiments 

, eioess «>I tbiosulphabe -wras not tess Han 16 cm" of tie 

»>Wo»- -"" foUov»-Liig table shows the effect of dimin- 



T-AJBI<E m. 




BCL 


iSi 


£a 


^. 












12^ 


0.0211 


0.000»- 




122 


0.0496 


0.0004- 




18.06 


0.04B3 








O.O0B4 


0.0014- 






0.00T2 








OlOOT 


O-OOO&f 




11.BT 










0,1980 


0.0012- 



aVwve e*!?®'^'**-^'-'-*^® taken in connection with those 
^r%:».^^ ^ jg ^^ tliEkt; -there should always be present an 

^T'^ "^ least 15 *'"^* '^^ ^^e -^ solution of Bodium thiosul- 

O'i'W - ^t^ ^ anti*y *** hydrochloric acid is kept veiy low 

^rasf^ "V^ ^'^ -rfby ti^^is excess of thiosulphate could not 

-^^ -^ -tvO *^***^ -^JvOTifc producing any disturbing effect 

.^g^ ■Qff*-^®^v *^® -presence of an excess between the 

-»=* "^^^5' *^**'"®'^*'ft& cm" of the ^^ solution has been found 

->^ --qe *® T Ze-^ ^* **^ **^ ^^^^ *^**^ ^^* dilution 



-*** ^o Teca?^^^*^^ ^^cni" ioT each 0.1 of a gnn. of iron oxide 

J \)6 ftt ^ea»^ *" -(vtity of acid should never exceed 1 cm' 

-^^t^tbftt ttie ^"^^acli 400 cm* of water, that the time of 
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the tfimperatuie of the solation should be kept at the nornuJ 
temperature of the atmosphere, and finally that the excess of 
aodium UiioBulphate present should never be less than 15 cm* 
of the ^ solution. In the case of latge dilution the tise of 
freshly boiled water is recommended so as to avoid the 
reozidizing effect of the air upon the reduced iron. In the 
experiments included in the following table, the above 
precautions were closely adhered to and manifestly satis&ctoiy 
results were obtained. 

TABLE IV. 
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As seen in the table this process is vei? accurate, especially 
in the use of small amounts of ferric oxide. The introduc- 
tion of cupric sulphate as recommended by Oudemanns, or of 
sodium salicylate according to Haswell's method, seems to be 
unnecessary and only complicates the process. 

In treating ferric oxide, the following method of procedure 
is recommei^ed. Dissolve an amount not exceeding 0.2 grm. 
of the oxide in hydrochloric acid, evaporate to a pasty mass 
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dilute to about 800 cm* with freshly boiled water, add a drop of 
potassium sulphocyanide, and into this solution run 50 cm' of 
approximately ^ sodium thiosulphate ; allow the liquid to 
stand until perfectly colorless and determine the excess of 
thiosulphate by ^ iodine and starch. For quantities of iron 
oxide up to 0.2 of a gram this process is quick and most accu- 
rate ; when care is taken to preserve the relations of acidity 
and dilution, twice the amount of ferric oxide mentioned 
above may be handled. 



THE DETERMINATION OF TELLUROUS ACID IN 
PRESENCE OF HALOID SALTS. 

Br F. A. OOOCH ua> C. A. PETERS.* 

The estimation of tellurous acid by oxidation ^rith excess of 
potassium penaaDganate (either in acid or alkaline solution), 
destruction of the higher oxides of manganese or the manga- 
nate by standard oxalic acid in pieseoce of sulphuric acid, wad 
titration of the residual oxalic acid by more permanganate, has 
been shown by Braunerf to be feasible. The tendency of the 
permanganate to throw off too much oxygen when the oxida- 
tion is made in solutions strongly acidified with sulphuric acid 
(as must be the case if the tellurous oxide is to be held penna^ 
nently in solution by sulphuric acid) necessitates the applicar- 
tion of a considerable conectaon.} Fortunately, however, as 
has been shown in a former paper from this laboratory,! vli^n 
die tellurous oxide is dissolved originally in an alkaline hydrox- 
ide and the solution made acid only to a limited degree with 
sulphuric acid either before or after oxidation by the perman- 
ganate, no correction appears to be necessary. Thus, when 
an excess of permanganate is added to the alkaline solution, 
followed by an excess of oxalic acid and sulphuric acid to an 
amount not exceeding 6 cm' of the [1 : 1] mixture with water, 
the titration of the residual oxalic acid by more permanganate 
(after heating to 80° C.) leads to results which ^ve no indi- 
cation of oveiMlecomposition of the permanganate; so also, 
when the process is similarly conducted excepting that before 
addition of the permanganate the original alkaline solution is 
acidified with sulphuric acid [1 : 1] to an amount 1 cm* in excess 

• Trom Am. Jonr. Bci, riU, 123. f Jour. Cbem. Soc., lix, 23a 

J Loc. cit., p. 249. 

i Qooch md Danaer, Am. Jonr. 8ci, xUt, 801. Volume I, p. 14& 
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of that necessary to redissolve the first precipitate, the results 
are theoretically accurate, and in close agreement with those 
obtained by the former procedure. 

In the presence of free hydrochloric acid the action of the 
permanganate upon tellurous acid has been shown by Brauner* 
to be irregnlar and excessive, and the irregularity cannot be 
corrected (as in the titration of ferrous salts in presence of 
hydrochloric acid) by the addition of a manganous salt accord- 
ing to the well-known procedure of Kesslerf and Zumner- 
mann.^ So far as appears, however, there should be nothing 
to prevent the accurate determination of tellurium in tellurous 
compoTinds in the presence of chlorides by the permanganate 
process providing the first oxidation is made in alkaline solu- 
tion, and the second oxidation carried out with such precau- 
tions as are necessary to a correct determination of oxalic acid 
by permanganate in presence of hydrochloric acid; for the 
special danger of over-^u;tion on the part of the permanganate 
cannot exist while the solution is alkaline, and has passed 
when the tellurite has become a tellurate and before the solu- 
tion is made acid. As to the proper conditions for the titra- 
tion of oxalic acid by permanganate we have shown recently§ 
that the presence of a manganous salt is necessary and suf- 
cient to secure regularity of action when a considerable 
amount of hydrochloric acid is in the solution; when the 
amount is small — so much as would be formed in the decom- 
position of a gram or two of halogen salt of tellurium — the 
disturbing effect under ordinary conditions of work is prob- 
ably inappreciable, but even in such a case it is better to work 
in the presence of a manganous salt for the reason that the 
titration of the oxalic acid may then be made at the ordinary 
atmospheric temperature. 

In the following table are gathered the results of experi- 
ments made with, and without, the addition of the manganous 
salt. 

• Loc. cit, p. 241. t Ann. Phya. cxrUi, 48 ; cxix, 226. 226. 

% Ann. Chem. (Liebig), ccxiii, 902. 

§ Am. Jour. Sci., yii, p. 461. This rolume, p. 222. 
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TABLE L 

O = 16, Te = 127.6. 

Volume at beginning, 160 cm*. 
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0.1008 
0.1000 
0.1004 
0.1003 
0.0668 


gm. 

0.0008+ 

0.0000 

0.0004+ 

0.0003+ 

0.0003+ 


B. 
Temperatore of titration, 20-260 C. 


0.0700 
0.0700 
0.0700 
0.1000 


0.4 
0.4 

a4 

0.4 


5.7 
6.7 
6.7 
6.7 


1.0 
1.0 
0.5 
0.5 


0.0705 
0.0698 
0.0701 
0.1008 


0.0005+ 
0.0002- 
0.0001+ 
0.0008+ 



The tellurium dioxide^ made by the careful ignition of the 
crystallized basic nitrate obtained by oxidizing tellurium with 
nitric acidf was dissolved in a small amount of sodium hydrox- 
ide, the halogen salt was added to the amount shown, the per- 
manganate standardized against ammoniimx oxalate was run 
in until its characteristic color appeared, standard ammomum 
oxalate was added in excess of the quantity required to reduce 
the excess of permanganate, manganate, and higher oxides, 
and the solution was heated with enough sulphuric acid [1 : 1] 
to neutralize the alkaline hydroxide and have an excess of 
about 6 cm^. In the experiments of Section A the Hquid was 
heated to 60® - 80** C. to dissolve the oxides at the final titrar 
tion begun at that temperature ; in those of Section B, 
manganous chloride (0.5 to 1 gram) was added, so that the 
reduction of the higher oxides of manganese and the final 
titration of the excess of oxalic acid might take place at the 
ordinary temperature of the room. 

Plainly the presence .of the chloride does not interfeie 
materially in the determination of the tellurium by this 
process whether the titration is made at a high or low 
iperature. 
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It appears, also, upon puttdiig the matter to the test, that 
fairly good determinations of tellurous acid may be made 
similarly in the presence of a bromide, provided the titration 
is made at the atmospheric temperature in the presence of a 
sufficiency (0.5 gram to 1 gram) of a manganous salt and of 
an excess of sulphuric acid limited to about 6 cm^ or less of the 
12.5 per cent mixture. At the higher temperatures bromine 
is liberated at once from the acid solution by the peimanganate. 
The experimental results are given in Table II. 

TABLE n. 

O = 16, Te = 127.6. 

Volume at beginning, 160 cm*. 

Temperature of titration, 24o-26° C. 



T«Oa 
taken. 


Had 


KBr. 


m 


MnCV 
4H,0. 


TM)| 
founo. 


Brrar. 


grm. 
0.1000 
0.3000 


gniL 


gm. 
0.6 
1.6 


OlDg 

20 
26 


griu. 
1.0 
1.0 


gm. 
0.1022 
0.8030 


gnu. 
0.0022+ 
0.0030+ 


0.0660 
0.0650 
0.1000 
0.3000 
0.0060 


a6 


0.6 
0.6 
0.6 
0.6 
0.6 


1 
1 
1 
6 

1 


1.0 
1.0 
1.0 
0.6 
1.0 


0.0G61 
0.0647 
0.1002 
0.3010 
0.0661 


0.0011+ 
0.0003- 
0.0002+ 
0.0010+ 
0.0011+ 



It is obvious^ therefore, that tellurous acid may be deter- 
mined with a fair degree of accuracy by the permanganate 
method in the presence of chlorides and bromides, provided 
the first oxidation is made in alkaline solution and the final 
titration of the residual oxalic acid is made at ordinaiy 
temperatures in the presence of a manganous salt and restricted 
amounts of free sulphuric acid. 

In the presence of an iodide, however, the case is different. 
Upon acidifying the mixture of iodide and the higher oxygen 
compounds of manganese, produced in the action of the 
permanganate upon the solution, iodine is at once set free, and 
oxalic acid does not suffice to reconvert it. In the presence of 
an excess of potassium iodide the higher manganic compounds 
are completely reduced with rapidity and the iodine liberated 
is the measure of the excess of permanganate over that 
vou II. — 16 



242 DETERMINATION OF TELLUROUS ACID 

required to oxidize the tellurous acid ; the difFetence between 
the amount of permanganate thus indicated and that ori^nally 
introduced should detennine the amount of the tellurous acid. 
It is upon this basis that Nonis and Fay * have founded their 
excellent iodometric determination of tellurous acid. This 
process consists in treating the alkaline solution of teUuions 
acid -with standard permanganate until the meniscus of the 
liquid shows a deep pink color, then diluting the solution with 
ice-water, adding potassium iodide and sulphoric acid, and 
titrating with sodium thiosulphate. The results are excellent. 

It is plain that any agent capable of converting the iodine 
to bydriodic acid without at the same time reducing telluiio 
acid should be capable of measuring the excess of the 
permanganate, and so the amount of tellurous acid originally 
present. We find that the standard arsenite made, as usual, 
by dissolving 4.95 grams of pure resubUmed arsenious oxide 
to the liter of water containing potassium bicarbonate answers 
the purpose admirably, and possesses the further advant^e of 
fixing at once the entire standard of the process, the strength 
of the permanganate (approximately -^ being determined by 
running a deiinite volume of its solution into water containing 
potassium iodide (1 gram) with 2 to 8 cm" of dilute sulphuric 
acid and titrating by the standard arsenite the iodine (set 
free by the action of the excess of permanganate and higher 
oxides) after neutralization with acid potassium bicarbonate. 
In this titration of iodine by the arsenite we find it best to 
dispense with the starch solution usually employed to secure 
the end reaction. The color of the free iodine itself is 
sufficiently definite, even at a dilution so much as 300 cm*, 
and its disappearance under the action of the arsenite is much 
sharper than that of iJie blue starch iodide. 

In Table III are recorded results obtained by adding the 
alkaline solution of tellurous oxide to 100 cm' of water 
contmning 0.5 gram or 1 gram of potassium iodide, introducing 
the standardized potassium permanganate until the green color 
of the manganate appears (about 80 cm^ of the ^ solution for 
* Am. Chem. Jour., u, 278. 
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eveiy 0.1 gram of TeOs), adding a few cubic centimeters of 
dilute sulphuric acid, followed, when the solution has cleared 
and separated iodine, by an excess of acid potassium carbonate, 
and titrating to the destruction of color with the standard 
solution of arsenic. It is essential, in order that oxygen may 
not go to waste in the breaking down of the oxides, that more 
than enough iodide should be present when the solution is 
acidified to complete the reduction of the manganese oxides, 
or else, that the arsenious acid should be present in suitable 
amount before the sulphuric acid is put in. This latter 
procedure may be used in case, for any reason, it is preferred 
not to introduce more iodide into the solution than may be 
present originally : when, for example, a direct determination 
of the iodine present is to follow. 

TABLE m. 

= 16, Te = 127.6. 



taken. 


NaCL 


KRr. 


KL 


Total 
▼ohmw 


KftOH 

pTMMBnt 

dozing 


TeO. 


KiTOr. 


fflU. 


gnik 


inn. 


grm. 


omP. 


gm» 


gm* 


gmu 


0.1000 


• • 




0.6 


160 


0.1 


0.1006 


0.000&f 


0.1000 


• • 




0.6 


160 


0.1 


0.1001 


0.0001+ 


0.1000 


• • 




0.6 


160 


0.1 


0.1008 


0.0008-h 


0.1000 


• * 




1.0 


260 


0.1 


0.1007 


0.0007+ 


0.2000 


a • 




1.0 


260 


0.2 


0.1007 


0.0003+ 


0.1000 


0.6 


0.6 


0.6 


260 


0.1 


0.1000 


0.0000 


0.2100 


1.0 


1.0 


1.0 


226 


0.2 


0.2106 


0.0006f 


0.1000 


• • 


• • 


0.6 


160 


1.0 


0.1011 


0.0011+ 


a2ooo 


• • 


• • 


1.0 


SOO 


2.0 


0.2009 


0.0009+ 



These results are reasonably good. Like those of Table I 
they would be brought practically in the average to the figure 
demanded by theory if the value of the Committee of the 
German Chemical Society, Te = 127, were to be taken instead 
of Te = 127.6, the value of Clarke and of Richards. 



AN lODOMETRIC METHOD FOR THE ESTIMA- 
TION OP BORIC ACID. 

Br LOXnS CLEVELAND JONSa* 

In a recent article,t I have described a process for t^e alka- 
Umetric estiinstion of bono acid, depending npon the foima- 
lioQ of a strongly acidic compound when boric acid and a 
polyatomic alcohol are placed together in solution. The 
method in brief consists in destroying the free mineral acid 
in a solution containing boric acid, by means of a mixture of 
potassinm iodide and iodate, bleaching the liberated iodine by 
Bodium thiosulphate, adding the indicator phenolphthalein 
and sufBcient standanl solution of caustic soda to give a 
faint alkaline coloration, bleachii^ by a small amount of 
mannite and adding caustic soda again to alkalinity, and 
thus alternating with mannite and alkali until the alkaline 
coloration produced is permanent. The amount of sodium 
hydroxide used represents the amount of acidity developed 
by the influence of the mannite upon the boric acid present, 
according to the hjrpothesis that the molecule BjOt acts as 
two molecules of a univalent acid, HOBO. 

On making further study of this reaction, I have found 
that the acid developed by the combination of boric acid and 
mannite is, under cert^ definite conditionB, sufEcientiy 
strong to liberate, quantitatiTely, from a mixture of potassinm 
iodide and iodate, the amount of iodine reqtured on the 
supporation that each molecule of metaboric acid (HOBO) 
acte in a manner similar to a univalent mineral acid under 
ih& same conditions. (5KI + KIO. + 6H0B0 = 81. + 

* From Am. Jour. Sci., tU], 12T. 

t Am. Jour. Set, vU, 147. Thii Toliune, p. 18S. 



eitOBO + 8?*?;^»ci^ l50ioma*^^^'*^^tion depends upon 
aie behavior ol «* j^o^tic» ^artaario, ^ '^^iJapomid as a strong 
acid, stronger *7*^a ^ ^"^^r^ * to >^*^« "^^^ 5 for tl^ese 
aeidsiav^ been i<' ^fiom a "aiXLtixtt^ incapable of Uberat^ 

iag i«K) leg'^tlA^ *° mcieaa^ ^ ^^ iodide and iodate. 
Conditio^ which *^^j^i3atod aolxttiox^ »<5idic activity of this 
compon^ are <^^^ ^^ ^^d moderately bw 

0f\ , acts ^ -e acid 5 ana. ^^^*® *<> produce acidic 
C0iDpO'Y^i'^%^tli ^^0 products for.*^^^'®'™^"*^ ^^' *^® 
reWivC^*^. .ity o^^. t)oric acid ma^r V^ • . ^^ ^^ *^'* P^^^- 



.«far ^ «v6t»»*- .,,to iw""^« an-a^ 5 ^ - liberated from a 
otwr^ 6*'P®'^.*^,fl8i^>»**.v_ i;i ^^^ iodate. DroDortionatelv to 



liiB ^.-tiengt**^ ,-jit3 0^,^^l^.^ standard solution of boric 

E«^«al ^fl^t^ ^^ ^^^^* ^^^ ^^ into separate 

MkL, V^^..^^ "* * !l7^ «ol^tion of iodide and iodate 

Eilexiffleyer ^f^ a» amount sxifiBcient to liberate iodine in 

adiLed to o^^LeSpo^^ ^ "^^^^ acid used. One solution 

ouacGtideft ooifj^i^ glyoeime enoxigH to constitute one-half the 

~ Wft^ ^ ^f ^®^'^'^: **»»nnite (about 6 gnns.) w« 

ecitiie volvB»® .j^et. The ttnostilphate required immediately 

I -^Aed tt> ^® s*>« periods of tixxie, is shown for each solution 

i^iJve ioUo^f^^^oi bono acid contained 7.706 grm. per Kter. 
i Tbe e°^**^^i>e was 0.0999 normal Accoixiing to theory, 

\ The tk^oso^^^T' -tbioaulptate xeqiiired for 10 cm* of the boric 



• Axo- *^**' Sk»- *^"* **^ "* ^^ "*' *** ' *"* I*«nbert, Compt renA, 

^.•^^^.'^''*^^* ttiicd hydroM boric add should be fnaed in a platinnm diih 

'^^^e tecrJ*^^d tweaking into amsll pieeea, the detired amonnt placed 

* ^«^t ^"'^^aA pl»tiiiiiin crucible and again fnaed nntil no more water 

***^ ^laX^ * ooling and trelgUng. the boric oxide may be separated from 

In a. •»» ^ttet e placed in warm water, diaaolTed and made up to a 

•aoa.'P*"* .^i«. ot '""^ 






*^« '^%ol*°'' 



Mil 
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TABLE L 



B^Oa Bolutloii (10 em*) 
Thiocolphate raqnlred. 


Tline. 


BgO, folntion (10 em*) 

withclyoeriiia. 
Tblosolpfittto reqoirad. 


18.00 
21.80 
22.00 
22.06 


Immediately. 
After 16 minates. 
After 80 minates. 
After 2hoari. 


8.48 
10.60 
11.16 
11.00 



acid solution is 22.02 cm^ From these data we may observe 
that at the end of 80 minutes, in the solution containing 
mannite, practically the theoretical amoimt of thiosulphate 
had been used, while only about 50 per cent of that amount 
had been required to bleach the iodine liberated by the 
glycerine compound. Obviously, mannite forms with boric 
acid a more acidic compound than glycerine does, and, from 
the indication given in the above experiments, may be reUed 
upon, under certain conditions, to liberate the theoretical 
amount of iodine. If, from the iodide and iodate used to 
destroy the excess of mineral acid already present, the boric 
acid, upon the addition of mannite does liberate iodine regu- 
larly—as the previous experiments seem to indicate — this 
liberated iodine should form a most convenient measure of 
the boric acid present. 

On studying the conditions requisite for the complete 
liberation of iodine according to theoiy, several important 
points have come to light. 

It has not been found possible under any conditions to rely 
upon the immediate liberation of the full amount of iodine: 
a certain period of time is required for the completion of 
the reaction. When the solution is of small volume and 
saturated with mannite, the reaction goes to the end most 
quickly — sometimes almost immediately — but there is this 
limitation, which must be made emphatic, viz.: that if the 
solution of boric acid is too concentrated — near saturation — 
the boric acid alone, when the iodate and iodide are added to 
destroy any other free acid present, throws out some iodine 
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wA oTi U©^. ^ '^'ith thiosulphate a starting-point is ob- 
toi^i ^\, ^^ . ^^ ^^xie of the boric acid has abeady entered 
VxiVo coixJcto^^. Tlie amount of iodine thus liberated by 

the \)OTVfi «jcv^ ^^o^w-ever, not large, and if upon the addition 
ol ttie iodide ^^ iodate, the iodine thrown out by the free 
tydrodalonc ®^^^ present is immediately bleached by thio- 
sulpbate and ^le analysis proceeded with from this as the 
iiexitral point, even in concentrated solutions the error is 
almost inappreciable. If, however, considerable time inter- 
venes between the adding of the iodide and iodate and the 
determination of the neutral point by thiosulphate, as much 
as several milligrams of. boric acid may have liberated its 
amount of iodine and is, therefore, not capable of being 
J^^tered by thiosulphate after the addition of mannite. 

, . 1 ^^^y ^^^^ ^'^^ '^^^ ^^ ^ those experiments in 

^luch the iodide and iodate were added at a dilution Uttle 

g^ter than that of the standard solution used (7.788 grm. 

cole • ^^ ^ *^ attempt to estimate the boric acid in 

posaib] if' ]^^6i^ the solution was kept as concentrated as 

the CO ' ^^^S in this way to decrease the time required for 

that isL f ^^ration of iodine, low values were obtained ; 

The (j£7 xf^^ starting point was used. 

^e iodid T^* found most convenient at the time of adding 

of boric flp w ^^^*® is not less than 25 cm' for each decigram 

than twc% ^^s^ present and should not be much greater 

regsffda v ? ^^^"©0 times that amount. This limitation as 

^e neutm? ^^o Jq equally applicable, whether after obtaining 

to be m ^^^t> and. treating with mannite, the boric acid is 

describerf ^^'^ l>y a standard solution of alkali as before 

sugoAflfArl ^ ^ Ixoro by the iodine liberated. As has been 

Piolon ^^ u ^^"^8© ^volume, even though saturated with mannite, 

effeei-^f ^ tim.o of standing necessary and increases the 

carbn J .^^^^ c3ULOxide upon the iodide and iodate present, for 

ex'nH ^^^^e» ^v^hether derived from the atmosphere or 

j^™^ . ^^^Ived in the solution, upon standing, slowly 

*^s ^J^*^>ie. The amount, however, is small, and, in the 

^ ^^TUr^^ 1^^ IjJ^q completion of the process, has never been 
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found equivalent to more than a single drop of the solution of 
thiosulphate used. Even if the material to be analyzed 
contains carbonates, after acidifying in concentrated solution 
and shaking vigorously, the small amount of imcombined 
carbon dioxide remaining has ahnost an inappreciable effect 
upon the results. The length of time required for the 
liberation of the theoretical amount of iodine in a solution of 
the volume suggested above, is 20 to 45 minutes, and at the end 
of 45 minutes standing in a solution saturated with mannite the 
reaction may be considered complete. During this period, how- 
ever, it is well to keep the solution cool — at zero will do no harm 
— and shake occasionally to insure thorough mixture. The free 
iodine would tend to escape upon standing unless kept in a 
closed flask, but it is more convenient, immediately after the 
addition of mannite, to treat with an excess of the standard 
solution of thiosulphate — 8 or 10 cm^ more than die amount 
required to bleach the iodine liberated, and at the expiration 
of 40 to 60 minutes titrate back with ^ iodine. The strength 
of the thiosulphate solution found most convenient is ^, while 
the use of iodine of one-half this strength (^) enables the 
error of reading to be correspondingly diminished. In solutions 
of the volimxe recommended the addition of starch to give the 
indication with iodine is unnecessary and even detrimental, 
since a single drop of one-twentieth normal iodine in excess is 
sufficient to give a strong lemon coloration, while in the 
presence of starch an indefinite dirty red first appears and 
remains until the blue is brought out by the further addition 
of iodine. 

With these observations in mind, a series of experiments was 
made in which the standard solution of boric acid was drawn 
into an Erlenmeyer flask, containing a small amount of free 
hydrochloric acid and made up to a definite volume. To 
bring the conditions to those of an actual analysis about 1 grm. 
of crystalline calcium chloride in solution was also added. 
Potassium iodate (5-10 cm' of a 5 per cent solution) and 
iodide (8-^ cm* of a 40 per cent solution) were added, and the 
iodine liberated by the hydrochloric acid, barely bleached and 
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»e«n\iwi^* ■i>-??"****'tion 1^ iodine. Mannite was added to 
aaturete 'iiia . ■■*.- '^'^ ^"^ excess of standard thiosulpbate put 
m, and \iii6 ft** . I ^'^ ^^^ aside for various periods of time, at 
the enA ol -W^^ ^ ^Ax.^ excess of thiosulpbate was titrated by 

iodine wal 'Sd^ ^^oimt of uurocoveied thiosulpbate taken as a 

^neaaxtre oi the ooiic acid present. 

The tinosolp^ta used was 0.198 normal and the iodine 

0.0996 nonnai. The solution of boric acid contained 7.788 

S^m. per Uter. 

TABLE n. 



1^1 



lUo. todloa Uma Dt 



52r 




02106 0.2168 0.0008^ 
02090 0.2081 0.000»- 
0.2089 0.2090 0.0001+ 



60-60 
60-60 
60-60 



0.209S 
0.2089 
D.2091 



0.000frf 
0.006S- 
0.000&f 



0.2011 
0.2090 
0.2092 

a2ni8 



0.2002 
0.2018 
0.2OB7 



OJWOH- 

0.0004+ 
0.0007+ 
O.OOOS- 
0,0001+ 
0,0004+ 
0.0003- 



'''•isae reaulta 



^le so regular (iiat the method seems worthy of 

tW T°^*^^^.1ioix, and especially since the standard solutions, 

paate ^;j^^ iocline, upon which the process depends, are 

■at ^**wA and genenny »t bund. 

,_, ™^ *^^tliocl of procedure recommended is as follows : 

® borate i^ diBSolved in aa small volume and as little 
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hydrochloric acid as possible, shaking well to remove free 
carbon dioxide and diluting so that, at the time of adding 
potassium iodide and iodate, there shall be approximately 25- 
50 cm^ of solution for each decigium of boric anhydride 
present. The greater part of the excess of hydrochloric acid 
in the solution is destroyed by sodium hydroxide and the use 
of litmus paper, leaving the solution distinctly acid in reaction. 
Potassium iodide (8-5 cm^ of a 40 per cent solution), and 
iodate (5-10 cm^ of a 5 per cent solution) are added in excess 
of that required to liberate iodine in an amount corresponding 
to the hydrochloric acid and the boric acid present. The 
iodine liberated by the free hydrochloric acid is bleached by a 
small amount of a strong solution of thiosulphate, and after 
agitating to insure thorough mixture, iodine is added to faint 
coloration. Sufficient mannite is now used to saturate the 
solution — about 10-15 grm. for a volume of 50 cm* — and 
sodium thiosulphate added in standard solution 8-10 cm" in 
excess of that required to bleach the iodine immediately thrown 
out by the mannite. The solution is again brought to 
saturation, if necessary, by mannite and after standing in a 
cool place for 40-60 minutes, titrated with decinormal iodine 
to determine the excess of thiosulphate present. In the 
manner described, specimens of crude calcium borate and 
crystals of colemanite were analyzed with the results given 
below. 

TABLE m. 
Calcium Boratb. 



IfiiMnL 


Thlo. 
teken. 


Iodine 
taken. 


Time 
stand- 
ing. 


Yolome 

of aoln- 

tiona. 


foond. 


Perceotw 


gnu. 
0.4016 
0.4010 


cm* 
86.06 
36.34 


cm* 

4.76 

6.28 


bn. 

1.00 

2.00 


cm* 
40 
46 


gzm* 
0.2280 
0.2283 


66.02 
66.94 


Colemanite. 


0.4002 
0.2613 
0.4007 


32.00 
82.01 
38.03 


6.60 
7.86 

7.72 


1.30 
1.00 
0.50 


60 
40 
66 


pop 


61.04 
60.01 
60.81 
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The Bolution of thioBolphate ufied was 0.199Sd and the 
iodine 0.0996 nonnaL 

These results show little Taziation and in the case of 
oolemanite correspond closelj to the theoiy 50.97 per cent. 
The process is cooTenient, generally applicable, an 
within the ordinaiy limita of analysis. 



XXXI 

THE DOUBLE AMMONIUM PHOSPHATES OF 
BERYLLIUM, ZINC, AND CADMIUM IN 

ANALYSIS. 

Bt IfABTHA AUSTIN.* 

It has been shown f that the composition of the phosphate 
of manganese tlirown down by microcosmic salt from the 
solution of a pure manganous salt contains more manganese 
than belongs to the ideal ammonium manganese phosphate 
NH4MnP04; and, further, that by acting with ammonium 
chloride in proper proportion the phosphate of manganese 
thrown down by microcosmic salt may be completely converted 
to the ideal ammomum manganeae phosphate. Anunomum 
chloride, likewise, in the case of magnesium phosphate ^ tends 
to cause the replacement of the metal by ammonia. Indeed, 
the replacement here is readily carried so far beyond the point 
corresponding to the normal ammonium magnesium phosphate, 
NH4MgP04, that the tendency to foim a salt richer in 
ammonia and poorer in magnesium — perhaps something like 
Mg(NH4)4(P04)i — must be recognized. 

These facts suggested an investigation into the constitution 
of certain other ammonium phosphates with reference to their 
utility in analytical processes. Of the elements of MendeldeflTs 
second group, beryllium, magnesium, zinc, cadmium, and mer- 
cury are capable of yielding double ammonium phosphates, 
while no such compounds of calcium, strontium and barium 
have been described. The solubility in ammonia of the double 
ammonium phosphates of the elements of the former category 

« From Am. Jour. ScL, Till, 206. 

t Am. Jour. ScL, toI. tI, 288. This rolnme, p. 121. 

t Am. Jour. 8ci., toI. rii, 187. Thia Tolume, p. 190. 



uilOJf^^^ PHOSPHATES /2V" 

appm^ *^ ^ tet»oved m the series Itox^^J^j^l^ tiey ar« 

»™^ ^^^^ Oie 1»**®^ category, the extent of ^P^tes of 
me.-r«nber8 oi ^^^pwatively. Aocoidixig to the ^^ct solvent 



is sUg*^* osiciiuii, barium, and strontium T^'^ recorded 
in -the UteratuJ^^^c phosphate or acid phosSi^^^^"- 
alk:y a neutral ^ j^j^^y accoiding to th« « i** S^*®"" 

or less degtee e^p^rience wh4 salts of t^I^^°^ °* 

p.:^ipitoU0B. J^ either with anunoni J^^h r"*" 

oMoride, or aioi^S^,l,t ^Z ^"^^ ^" recognized phosphates 
w^xeobUed. 'The eff ec^^^^^^ 

ammonia seemed to promote the formation of the tribaflic salt 

in the case of calcium and strontium; barium tends to form 

tlie barium acid phosphate almost exclusively even m the 

pxesence of ammonium salts and free ammonia. No double 

ammonium phosphate of either calcium, strontium, or barium 

-was produced under any condition. As is well known, 

mercury does form an ammonium mercury phosphate, but the 

salt is soluble to so great a degree in ammonia, ammonium 

chloride, and even in the precipitant itself, that nothing of 

ajiy value for analytical work seemed likely to come from ite 

study. 

The Ammonium Beryllium Phosphate. 

The ammonium beryllium phosphate has beeen described 
bv Roessler * as a crystalline salt produced by boiling some 
time in ammoniacal solution the phosphate precipitated by 
ammonium phosphate, though tlie best resulte of this treatment 
failed to yield the ideal constitution of this salt, NH4BeP04. 
This same precipitate cannot be obtained, Roessler further 
states, by using a sodium salt as the precipitant. In order to 
follow out this work of Roessler, a solution of berryllium 
chloride for use was prepared as follows : The pure beryllium 
chloride of commerce was dissolved in as littie water as 

« FreseniaSi Zeitschr. anaL Chem., zvii, 148. 
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possible and treated for the precipitation of aluminum by 
ethereal hydrochloric acid,* After filtering and evaporating 
from the filtrate the ether and a part of the hydrochloric acid^ 
the beryllium was precipitated with ammonia, filtered to 
remove any members of the magnesiiun group, and washed 
free from ammonium chloride. The larger part of the 
precipitate was dissolved in hydrochloric acid in slight excess, 
and boiled with the reserved portion. After filtering, the 
solution was diluted to definite volimie and standardized by 
precipitating measured portions of the solution with ammonia, 
filtering on asbestos under pressure in a perforated platinum 
crucible, igniting the residue and weighing as the oxide. The 
results recorded in section A of the following table were 
obtained by precipitating definite volumes of the pure solution 
of beryllium chloride with ammonium phosphate in a platinum 
dish, dissolving the precipitate in hydrochloric acid in faint 
excess, and while hot precipitating slowly with dilute ammonia, 
boiling (while the solution was kept distinctly ammoniacal) 
until the flocky precipitate was entirely converted to a fine, 
powdery, semi-crystalline, rapidly subsiding mass. A quarter 
to a half-hour is necessary under the most favorable conditions 
to cause this conversion. After cooling, the precipitate was 
filtered off on asbestos under pressure in a perforated platinum 
crucible, washed carefully with distilled water, dried, ignited 
and weighed. The filtrate was tested for beryllium by boiling 
with ammonia. None was found in these cases, nor in any of 
the following work. Faint traces of chloride were found in 
the residues after ignition after dissolving in nitric acid and 
testing with silver nitrate. 

The results are in every case in excess of the theoiy for the 
pyrophosphate derived by ignition of the ammonium beryl- 
lium phosphate, possibly because the ammonium chloride 
present may have a tendency to form a salt too rich in ammo- 
nium (as was shown to be the case with the magnesium salt), 
consequently giving too much phosphoric acid in the ignited 
residue ; or, because of inclusion of the chloride and phosphoric 

* Am. Jour. Sci., ir, 111. This volnme, p. 111. 
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wiVL Itna^*" - ^i '^'^^'^^y be expected that 8ome phosphoric 
BcaV may \»\i.e^' v*^ * trace of chloride was fouiuL Esther 
M \»\li ol ihes® "Stances may have been held mechanically, 
or ia com!tiuiaUO**" 

It -was ioiUiA ^'^t ou boiling for some time the solution of 

beryUivim ctloxio-e "witb microcosmic aaXt — (6) section B of 

M)e table — and P^'scipitating in the same mannei as when 

»*nmoiuum phosptat© was used the same sort of powdery 

Oi^a remaned as vas obtuned by the ammonium phosphate. 

The temdne beii^ tested for sodium according to the method 

brought out by Kreider and Breckenridge,* showed sodium 

present to the amount of 0.0062 gnn. reckoned as sodium 

f *if **' ^* "^y ^ reasonably supposed that the presence 

e sodium was due to one of two causes, — inclusion of 

liiMTfa^f '^ Phosphate, or a tendency on the part of the beryl- 

sodi ♦ '^^^^ an ammoniumf sodium beryllium phosphate or a 

exist. T ^^'^'^^ phosphate, both of which are known to 

trreat ca °°^ boiling of tiie precipitates is tedious, and, unless 

if the fta ^ ^^^'^t may involve small losses of material ; hence 

treatmenf '^^''^ta could be obtained with less boiling such 

section C f iT ^ decidedly advant^eous. The results in 

saJt to the h *^ble were obtained by adding microcosmic 

cooline fiZta ■ *'*^UtionB of the chloride, boiling five minutes, 

condition of fh °^ **^ *"^ ashless filter — because of ^e flocky 

the residue / Pi'ecipitate — treating as usual before igniting 

with those nh* Watinum crucible. The results compare well 

lium alth '^od. by long boiling of the precipitated beryl- 

nidjij pit . , sti all are in excess of the theory. That ammo- 
(dtajioma th **ei:e, as in cases above, has a marked effect in 
iniej™ . ^onstiitution of the phosphate precipitated by 
pjggo , ^^It is not leadily seen. It is obvious that the 
precioit t ***" ©^cesa of the soluble phosphate is essential to 
£[,j^ .. ^*i^ beryllium as the double ammonium pbonnhat* 
^"^^ilta recorded in section D of the tab! 
t p__f^^-^^i..U,268. Volume I, p. «1. 
»^', awT^ ^***- Cbem. <Lieblg), lir.m; Atterberg, BuUetin 
X SoiwHw, j^^,^ chem. (Lieblg), clx, 144. 



256 DOUBLE AMMONIUM PHOSPHATES OF BERYLLIUM, 



after the precipitate of beryllium phosphate had subsided and 
the supernatant liquid had been poured off, the precipitate di&. 
solved in hydrochloric acid was brought down again at the 
boiling temperature with ammonia either alone or in piesenoe 
of ammonium chloride. The results obtained show that the 
salt approaches the constitution of the tribasic phosphate, 
when it is precipitated in presence of a fidnt excess of phos- 
phoric acid, even though ammonium chloride in large amount 
be present. 

TABLE L 



i 



From the work described it is clear that the ammonimn 
beryllium phosphate is not obtained in ideal condition by pre> 
cipitating a solution of the chloride with ammonium phosphate. 
Roessler's own results were likewise only approximately coiv 
rect, as he states. It is also plain that hydrogen sodium 
ammonium phosphate precipitates the ammonium beryllium 
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^os^kttteVSV ^^Ye t^i^ ^^"^ ** nearly ideal asdoes the ammaninm 
phospkoJtfc,'^^^^ ^^ ^fifect of the ammonium chloride in either 



case \a iiot »*^^***3^ in producing a phosphate containing 
Momtt my O*- ^^^^ uuportanoe in obtaining the ammonium 
^^t\B ftnQSce^ ^ tihe soluble phosphate, for when the amount 
of the procip^^^*^^ is reduced to a little more than the theo- 
retical amount we condition of the phosphate coincides almost 
e:^tty with the theory for the tribasic phosphate, even though 
a large excess of ammonium chloride be present When there 
IS an abundance of the precipitant the results are all in excess 
of the theory, which may be accounted for on the supposition 
"taat foreign material is included — the chloride of ammonia and 
*^ soluble phosphate —to a greater or less extent by the pre- 
^ pitate. The formation of a phosphate of beryllium contain- 
"*g too much ammonia and phosphoric acid, or, in case of the 
of ^^t?^^'*® ^ microcosmic salt, sodium by the formation 
Hum h ^^^ *°^nionium beryllium phosphate and sodium beryl- 
phosphate (known salts), is not definitely proved. 

^5S« Ammonium Zinc Pho9phate. 

mommn • ^f a^d Heintz| separately found that am- 

zinc sulubnf^ Phosphate is formed by boiUng a solution of 

inveatiffated i ^^^ ammonium phosphate. This salt was 

that if to a ? ^^ ^ Guyard (Hugo Tamm),§ who found 

acid suDewiftf, ^^^^^ ^^ ^ ^^^ ^* ^^ *^ organic or a mineral 

is dissolvfid ^^^te<i -with ammonia until all the 2dno oxide 

60(Ifi22ii ni ^ made faintly acid with hydrochloric acid, 

which on Hp' ^^^*^ ^^^® added, a flocky precipitate resulted, 

WW convfirf/!!^^ kept near the boiling point for some seconds 

filtered reSvJ^ orystaUine zinc ammonium phosphate, which 

Rieatest f -^^ and 'was washed free from impurities with the 

thrown A ^^« Ho found that all the zinc in solution was 

iffniti ^^^ ^'^ tlie ammonium zinc phosphate, which on 

jjj^^v.. ^^^^e4 the zinc pyrophosphate. With care in 

"^ thi^ process to avoid an excess of the precipitant, 

♦ jMux. Cki^^^^ (Ulebig), cxliii, 166. S Chem. Newi, xxIt, 14a 
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and the presence of sodium and potassium salts (on account 
of the danger of occlusion) the precipitation of the ammo- 
nium zinc phosphate, ignition, and weighing as the pyro- 
phosphate made, Guyard believed, an ideal process for the 
estimation of zinc. Although there was slight solubility of 
the salt, it made an insignificant loss when the process was 
handled properly. Acids present, or certain alkalies to any 
great extent, increased the solubility of the salt so much 
that the loss became appreciable. Another source of error 
was to Guyard's mind loss of zinc during the ignition 
of the zinc ammonium phosphate with the paper on which 
the precipitate had been collected. Garrigues* found, in 
estimating zinc in a practical way, that this process advocated 
by Guyard gives in solutions of zinc free from salts of all 
metals, even alkaline salts — solutions that from previous 
steps in analysis, however, must have contained ammonium 
chloride in large amount — as satisfactory results as Guyard 
claimed for it. Grarrigues' method of procedure was to add 
acid diammonium phosphate to a wann solution of zinc 
exactly neutralized with either hydrochloric acid or ammonia, 
so that the weights of zinc ammonium phosphate and that 
of the diammonium phosphate added should be as one to 
five respectively, to heat until the flocky precipitate becomes 
crystalline and subsides, filtering off on asbestos, drying at 
100° C. and weighing preferably, although the residue may 
be ignited without loss, since the filtration is made on asbestos 
in a perforated crucible. Langmuir f modifies the method by 
destroying with dilute acetic acid any free ammonia that may 
be left in the solution after boiling. 

In the work that follows, in which an attempt was made to 
show what precipitate is formed from a solution of zinc by the 
action of a soluble phosphate, also what effect ammonium 
chloride has upon the precipitate, a solution of zinc chloride 
prepared as detailed below was employed. The pure zinc 
chloride of commerce was treated with zinc carbonate, filtered 
and precipitated with ammonium sulphide. This precipitate 

* Jour. Am Chem. Soc., xix, 096. t Jour. Am. Chem. Soc., xzi, 116^ 
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^J^XioiiAVS^ ^Vdrl ^^cess of hydrochloric acid until all the 

ifdto?m«^^ V ^^*^ removed, and then was precipitated 
mtti soStoflX^ ^ ^^xiate. After washing carefully until all 
the c^Aofiflie '^\ ^^inoved, the greater part of the carbonate 
"waa diaaoWed ^ ^^phiiric acid in slight excess, boiled with 
the xemaimng Portion of the carbonate and filtered. This 
solution ^ut^ to definite volume was standardized as sul- 
phate by evaporating the solution to dryness in a platinum 
cracible and heating the residue.* The heating is carried 
on safely by so placing the platinum crucible in a radiator 
Cconaisting of a crucible and a triangle) that the bottom of 
tlie platinum cracible was held about one centimeter above 
tne bottom of the outside crucible. Constant weights were 
obtained in successive treatment with a few drops of sulphuric 
a^id and heating over the radiator. The results obtained in 
^pjs manner were a trifle higher, though in fair agreement 
V en the nature of the carbonate process is taken into 
consideration) with determinations of the zinc in the solu- 
as oxide after precipitating with sodium carbonate with 
™i P^cautions, filtering off on asbestos under pressure 
watTr ^^?^*^ platinum crucible, washing with distiUed 
sbowhi^^^' a^ igniting. Results are given in Table H 
portion^ j^^^^^t of zinc sulphate found in five different 
of zino ^1 ^^ forty cubic centimeters of the solution 
tenninati* P^te, and, for comparison, the results of de- 
included. ^^ ^ ^iixo oxide by the carbonate processes are 

TABLE n. 




•o>5^»o« 




^•^385 1 



Mmo Talna of ZnO 

oorreipoading to 

Z118O4 In 40 em* 

of wlutlon. 



0^12 



2nO f oond is 40 om* 
of wlutlon by 
predpltAtion m 
the etrboDftte. 



0.2691 
0.2686 
0^11 



. 



^^•^^^*itotter, Analytiiche Chemie, 6te Aaflage, toL il, 117. 
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Definite portions of the solntion of zinc su^hate were 
carefnlly drawn from a burette into a platinum dish, heated and 
treated with ammoninm phosphate nntQ the solution turned 
red litmus paper Uue. The whole was heated until the flocky 
precipitate became crystalline and fell to the bottom of the 
dish* The solution after standing as recorded in section A of 
the table was filtered off on asbestos under pressure in a 
perforated platinum crucible^ and the precipitate was washed 
with distilled water, dried, ignited and weighed. The filtrate 
in each case, as in all following cases, was tested for zinc with 
sulphuretted hydrogen. The results recorded iu section B of 
the table were obtained in the same manner as those of section 
A, with microcosmic salt substituted for the ammonium salt as 
the precipitant^ The results are below the theory for the 
pyrophosphate, but no appreciable amount of zinc appeared in 
the filtrates. Neither ammonium phosphate nor ammonium 
sodium phosphate seems to precipitate the ideal ammonium 
zinc phosphate under these conditions; and the time of 
standing appears to be without effect. 

The results recorded in section C were obtained by precipi- 
tating the warm solution of the zinc in presence of large 
amounts of ammonium chloride by adding microcosmic s^t 
until the solution was alkaline to litmus. From these results 
it seems that the presence of ammonium chloride is essential 
for the conversion of the zinc phosphate precipitated by 
hydrogen sodium ammonium phosphate to the ammonium zinc 
salt. As a matter of fact the solutions employed by Guyard 
and those in which estimations are made by practical workers 
do contain ammonium chloride formed in previous steps of the 
analysis. The proportion of zinc to phosphate suggested by 
Gamgues — 1:5 — is the amount of soluble phosphate neces- 
sary to turn red litmus blue after the zinc is precipitated. In 
order to find out whether the presence of so large an amount 
of the soluble phosphate is necessary iu presence of ammonium 
chloride, the solution of zinc sulphate was precipitated in 
presence of the necessary amount of ammonium chloride by 
the microcosmic salt in small excess above the equivalent of 
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^ the solution was made i 
tia. on" '°'^d> » '™ ^°^ °' ^"'^ "»oo>o^* wnmom.c.1 



italline 



u^ »iMt ''?,«!«»«"' (15) BhowB that preci^ 
co-Todilion- f these """^tions. The lino loft S.^"" " °°' 
t<>™l6t<i»»'',j ot once as eulphide, and estj^ 7.°,*''°''°° 
.r« W^l'rtBg in hyd^hlorio ecid ^^. " ''' 
TABLE m. 
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with sodium carbonate. In (16) of the table the first filtrate 
was treated with an excess of microcosmic salt, and boiled. 
Another portion of the ammonium zinc phosphate was 
precipitated, and was filtered off and estimated. No zinc 
was found by sulphuretted hydrogen in the second filtrate. 

From the results it seems obvious also that an excess of the 
soluble phosphate is necessary to complete the precipitation of 
the zinc as the ammonium zinc phosphate instead of partly 
ammonium zinc phosphate and partly tribasic phosphate. 

In section E of the table are recorded results where the 
precipitation was made in presence of an excess of the precipi- 
tant either alone or in presence of ammonium chloride, the 
solution being made faintly acid to litmus with acetic acid, 
accoiding to the manner m which Langmuir recommends to 
conduct the precipitation. All the results by the method are 
low. The condition of the ammonium zinc phosphate most 
nearly approximating to the ideal is obtained as shown in (9) 
to (14) by precipitating in presence of anunonium chloride in 
large amount. Microcosmic salt is added until the solution 
containing the ammonium salt is alkaline and the whole is 
heated until the mass subsides in ciystalline condition. The 
amoimt of ammonium chloride should be twenty grams if the 
filtration is to be made as soon as the solution cools. One-half 
the amount will do if the liquid stands a number of hours. 
Larger amounts tend to give a salt too rich in ammonia. The 
time of standing seems to be a less important &ctor than either 
the excess of microcosmic salt or ammonium chloride. 

The Ammonium Cadmium Phosphate, 

According to S. Drewsen* the cadmium anmionium phos- 
phate is precipitated by allowing a solution of cadmium 
sulphate to stand twenty-four hours with ammonium phosphate. 
It is very soluble both in acids and alkalies. No further 
preparation of this seems to have been recorded. For the 
work on this salt to be given below, done with reference to 
the constitution of the salt precipitated by hydrogen sodium 

« Gmelin-Kraut, 6te AujOage, iii, 74. 



^pr * -^2V^X> CADMIUM IN ANALYSIS. 263 

wasaoTstasa V ti^ ^^* *^® effect of ammonium chloride in the 

pt^\p\\a!doti^ c ^^^ value of the salt for quantitative work, 

^^ bo\\i\aotv ^ /^^^Jiduin chloride employed was prepared as 

ioUo-wa; A- ^. ^tion of cadmium sulphate acidulated with 

^ydiocfaiotve ^^^ "Was precipitated with sulphuretted hydrogen, 

filtered and'^^^^^^ and the precipitated sulphide was dissolved 

in^hydrocbloric Bcid and filtered from possible traces of copper 

and lead. The solution of the sulphide in hydrochloric acid 

"Was boiled until all the sulphurett^ hydrogen was expelled, 

«Jid filtered on asbestos in a perforated crucible of platinum 

^Mider pressure. The cadmium in the filtrate precipitated with 

Munonium carbonate in excess was washed free from chloride, 

^issolved in hydrochloric acid and diluted to definite volume. 

yas standardized as oxide* after precipitating with sodium 

J^nate with the necessary precautions. 

e standard solution of cadmium chloride was drawn 

^^ y from a burette into a platinum dish, and, while hot, 

phos ?^^^^P^^*^d by adding hydrogen sodium ammonium 

heatin |^til the solution was alkaline to litmus. After 

three h • *^^ solution became crystalline, the whole stood 

case of r9\ ^ ^^se of (1) of the table and sixteen hours in 

02^ in 1 .^^ (S)» before filtering. In experiments (4) to 

in (jijQ g^ ^^®» recorded in the table, precipitation was made 

amounts f ^^^txgt as in (1) to (3) in presence of varying 

ffltered aft ^^Daonium chloride, and the precipitates were 

from (jIjq standing as stated below in the table. It is clear 

Jon^ stsjid' ^ tliat the cadmium separates out completely on 

ammoniu ^^^ only. Moreover, the ideal condition of the 

abundan ^^tdxoiuxn phosphate is obtamed only when an 

amount * ^"^ axnmonium chloride is present ; but large 

where ^Jnixxonium chloride dissolve this salt. In (14), 

the salt^*^^^^^^ "was added after precipitation was complete, 

y^ ^ - -j^^^lved somewhat ; also in (15), where the solution 

,. ^^^^tly axjid with acetic acid, a large part of the salt 

filtrft^- *^^^d. These weights of cadmium dissolved in the 

^^"^^ obtained by treating the filtrates with sulphuretted 

^ ^^owiungy Am. Jour. Sci., xlvi, 2S0. Yolome I, p. 220. 
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TABLB IV. 






hydrogen, dissolving the snlfdiide in nitric acid, and veighiug 
as oxide after precipitating with sodiom carbonate. 

The ammonium cadmium phosphate is obtained in ideal 
condition by precipitating with microcosmio salt in presence of 
10 grm. ammonium chloride in a total volume of 100 cm' to 
150 cm' — shown in (6), (7), and (8) — filtering after standing 
some time. On drying and igniting the pyrophosphate is left. 
Very large amounts of ammonium chloride — 30 grm. — 
dissolve the salt, and seem to tend to cause the formation of a 
phosphate too rich in ammonia. Either acid or amnaonia in 
small amount dissolves the salt, as is shown in (14) and (15). 

The results of this investigation as to the analytical 
application of the double ammonium phosphates of beryllium, 
zinc, and cadmium may be summarized briefly as follows : It 
is impossible to estimate beiyllium with accuracy as the 
pyrophosphate obtained 1^ igniting the double ammoniom 
phosphate precipitated from beryllium solutions hymicrocosmic 
salt or anunonium phosphate in presence of ammonium chloride. 
In presence of the proper amount of anunonium chloride (10 
grm. to 20 grm. in 100 cm'-200 cm' of liquid) zinc ammonium 
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phosphate can be obtaiiied in the ideal condition, which on 
ignition yields the pyrophosphate. This method may serve, 
therefore, for the accurate estimation of zinc. 

Cadmium may be estimated with accuracy as the pyrophos- 
phate if the precipitate by microcosmic salt in the nearly 
neutral solution containing ammoniiun chloride in the 
proportion of ten grams to one hundred cubic centimeters is 
allowed to stand several hours before filtering. In this way 
all cadmium separates out from the solution as a beautiful 
crystalline mass of cadmium ammonium phosphate of ideal 
constitution. The conditions, must, however, be preserved 
with care ; there must be no excess of ammonia, no free acid, 
and no excess of ammonium salt beyond the quantity indicated, 
while that amount is necessary. 
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SEPAEATION OF lEON FROM CHEOMIUM, ZIRCONIUM, 
AND BERYLLIUM, BY THE ACTION OF GASEOUS 
HYDROCHLORIC ACID ON THE OXIDES. 

Bt FBANEE 8TUABT HAVENS and ABTHUB FITCH WAT.* 

It has been shown in a former paper from this laboratory f 
that iron oxide may be completely volatilized as chloride 
by a strong current of hydrochloric acid gas acting at a 
temperature of 450 -500°, and also that the addition of a little 
free chlorine to the gaseous hydrochloric acid renders this 
action complete at lower temperatures, 180^-200°, without the 
danger of error arising from the Uability of ferric chloride to 
dissociation, or from deficiency of oxidation in the oxide 
treated, or mechanical loss due to too rapid volatilization. 
It has also been shown that this reaction can be employed for 
the separation of iron and aluminum, taken as the oxides, and 
its application to the separation of iron from other metallic 
oxides has been suggested* 

The oxides of chromium, zirconium, and beiyllium, like 
aluminum oxide, are not acted upon by a current of dry 
hydrochloric acid gas at the temperatures before mentioned, 
and these oxides also can be entirely freed from iron by this 
reaction, as the experiments to be described will show. The 
procedure was the same in each case and analogous to 
that employed for the separation of iron from aluminum. A 
mixture of a weighed portion of one of these oxides with a 
weighed portion of ferric oxide, contained in a porcelain boat 
and placed within a roomy glass tube supported in a small 

• From Am. Jour. Sci., yiii, 217. 

t Gooch and HayeziB, Am. Jour. Sci, Tii, 870. This Tolnme, p. 215. 



SEPARATION OF IRON FROM CHROMIUM, ETC. 267 

combustion fiunace, was submitted to the action of a diy 
current of hydrochloric acid gas and chlorine generated by 
dropping sulphuric acid upon a mixture of strong hydrochloric 
acid, common salt, and a small amoimt of manganese dioxide. 
The gas was admitted at one end of the combustion tube and 
passed out at the other through a water trap, while the required 
temperature, from 200''-800^, was maintained by regulating 
the various burners of the furnace. The time of action varies 
somewhat with the condition of the oxide to be volatilized, and 
the temperature; generally an hour's heating at 200°, proves 
sufficient for the complete removal of 0.1 grm. of iron. At 
higher temperatures the action is more rapid ; but the lighter 
oxide, the beryllium especially, is liable to mechanical loss 
through the too rapid volatilization of the iron, as experiment 
(17), where a temperature of 600° was used, will show. It is 
better, therefore, to use lower temperatures, raising the heat 
for a few minutes when the action is apparentiy complete to 
ensure the removal of the last traces of iron. Tests showed 
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0.0001+ 

0.0002+ 






BtOtikBD. 


BeOfooiML 




lis 

(14) 
(16) 

n6 

17 
(18) 


• • 

0.0997 
0.1045 
0.1215 
0.1510 
0.02 X) 


0.1809 
0.1285 
0.0456 
0.1099 
0.1080 
0.1805 
0.1081 


0.1811 
0.1285 
0.0457 
0.1099 
0.1081 
0.1200 
0.1088 


0.0002+ 

0.0000 

0.0001+ 

0.0000 

0.0001+ 

0.0015- 

0.0002+ 
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the residual oxides from which the ferric oxide had been 
removed in this mamier to be entirely free from iron. 

The separation of iron from chromium, zirconium, and 
beryllium by this method is obviously complete within veiy 
satisfactory limits of error. 
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THE lODOMETRIC DETERMINATION OF GOLD. 

Bt F. a GOOCH and FBEDERICS a MORLEY * 

In a recent attempt to measure small amounts of gold in 
solution by titrating with sodium thiosulphate the iodine set 
free in the action of an excess of potassium iodide upon auric 
chloride, Petersonf has been led to conclude that, on the aver- 
age, one-half more thiosulphate is used up in changing the 
characteristic starch iodide blue to the faint rose color which 
precedes entire bleaching than is called for upon the theoiy 
that the thiosulphate is simply converted to the tetrathionate 
in the usual manner. Peterson explains the anomaly upon the 
hypothesis that, besides acting upon the free iodine, the thio- 
sulphate is used up coincidently by interaction with the aureus 
salt, formed in the reduction, with formation of a gold sodium 
thiosulphate on the type of the weU-known silver sodium thio- 
sulphate. The reaction of this hypothesis is in the nature of 
things most improbable, since there is no reason to suppose 
that the soluble double thiosulphate could resist the action of 
the free iodine which is present to the end — the appearance 
of the rose color, and our study of the reaction of sodium thio- 
sulphate upon the mixture of gold chloride and potassium 
iodide, the account of which follows, discloses no evidence of 
the consumption of more thiosulphate than is demanded by 
the usual theory, which postulates the simple formation of the 
tetrathionate by the interaction of the thiosulphate and free 
iodine. 
It appeared in the course of our preliminary experimenta- 

• From Am. Jour. Sci., yili, 261. 
t Zeitschr. anorg. Chem., idx, 63. 
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tion that, while practically similar results were obtained by 
adding the thiosulphate until the blue of the starch iodide had 
changed to rose, the indications were somewhat more con- 
cordant when the final rose color was developed by adding 
iodine to the solution from which the blue had been bleached 
to colorlessness by a slight excess of the thiosulphate. 

It appeared, also, that the reduction of the auric salt, with 
the consequent liberation of iodine, is conditioned by the vol- 
ume of the solution, the mass of the iodine present, and the 
time of action. 

The following statement, in which each result is the average 
of several titrations in close agreement, shows the effect upon 
the immediate evolution of iodine brought about by adding 
varying amounts of water to the gold solution before introduce 
ing the iodide, and the effect of different amounts of iodide 
at different dilutions. 







PotaMiiim iodide. 




Gold 
oliloride. 


Volmne 
before the 
edditfon of 

thethio. 
















0.01 gnu. 


0.02 grm. 


0.06 gnn. 


0.1 grm. 


0.2 gnn. 


0.00087 grm. 




a? 












cnor 


il^i§. 


ro.81 


0.81 


0.81 


0.82 


0.84 


0.00087 


16 


0.77 


0.78 


0.80 


0.81 


0.81 


0.00087 


26 


Sodii 
thiosulp 

nearly 

cm' 


0.74 


0.72 


0.78 


0.79 


0.80 


0.00067 


60 


0.61 


0.61 


0.68 


0.76 


0.79 


0.00087 


100 


0.45 


0.49 


0.60 


0.72 


0.76 


0.00087 


200 



It is evident that for the smaller amounts of iodide the lib- 
eration of iodine decreases rapidly with the dilution. The 
larger amounts at the highest concentration show readings 
a trifle above the normal — perhaps because the weU-known 
effect of concentrated solutions of a soluble iodide upon the 
delicacy of the starch end-color begins to appear. At vol- 
umes lying between the limit of 25 cm^ and 50 cm* 0.1 
grm. of potassium iodide is an appropriate amount to use; 
at a volume of 15 cm^ 0.01 grm. to 0.05 grm. of the iodide 
will do the work; and at lower dilutions, as will appear in 
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^^ *a to ioWo^, e^rciia. less of the lodxde is 

^ «exi»®^*® *^* ^wliicla. the details 



*»" !ve. ^ ^.r^^to ^eUtex a« determined by cai^ful 

e«<e set^S J^ ^ttfl tnam^ex \>y texrouB sulpbate. a^a by 



Ldajdized 



!^it^5^4aSd. i^ xve«rly centinonna ^omion of 



t^ /%» W "r ^ 4. „!,;,.>, had been Btaadard- 



Si'^^r^^^perixx.ex.tB, a convement amount ^ 

^e 80^^^*^^^ S^w^ to.;m from a burette, potessxum 

S^tJxat B^i^^^^ ^:^»l2t ^a.«.ount« indicated (^7»y» «f;«^ 

X^^^'^'Tgo^^/i^^ti^val.e^t of the gold, and mo^^ 

.t ^« «^^ , 0017012 = 0.001061 grm. of gold. 

^ , ,,»«*. chem. Ge... «i. 1768. 
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TABLE L 



t) 


-^ 


0.06 


Am 


0.00428 


2 




0.06 


4.01 


0.004^ 


3 




0,06 


4.09 


0.00481 


« 




0.06 


4,07 


0.00432 


6 




0,06 


4,04 


0.00428 


B 


10 


0,08 


8,17 


0.00807 


7 


10 


0.0B 


8.16 


0.00864 


A 


10 


0.0B 


810 


000806 





10 


0.08 


8.16 


0.008M 





10 


0.08 


8.19 


0.00899 


1 


10 


o.oe 


8.4a 


0.00897 


aj 


10 


OXH 


8.34 


0.00874 



Plainly, these results accord reasonably with the tfaeoiy that 
two molecules of the thiosulphate are the equivalent in this 
reaction of two atoms of iodine and one atom of gold. There 
is no evidence whatever of the excessive action affirmed by 
Peterson. 

The strength of the standard solutions used in the experi- 
ments described was such that an error of 0.01 cm" in readii^ 
the volumes used would correspond to an error of 0.00001 
grm. of gold. It is not to be expected that such readings can 
be trusted ordinarily to a higher degree of accuracy than 0-02 
cm'. In case all three solutions should be read to this limit 
of accuracy with the errors of all lying in the same direction, 
the summation of error would corree^nd to 0.00006 grm. of 
gold. 

In the following experiments, therefore, solntions obtained 
by properly diluting those of the previous series were em- 
ployed. The use of a more dilute solution of gold obviated 
the necessity for diluting the mixture of gold chloride and the 
iodide before titratang with the thiosulf^te. It was found. 
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TABLE H 



SolutioD of gold chloride not dilated befim mizliig with pota*aliim iodide. I 



(21) 


10 


0.01 


8.80 


0.000871 


ooooew 


0.000019+ 




s 


aoi 


7.46 


0.000764 


0.000700 


0.000006f 




8 


0.01 


6.S0 


0.000607 


0.000688 


aoooo2»- 






0.008 


6.60 


0000610 


0.000683 


0.000027- 






0.008 


6.12 


0.000523 


0.000643 


o.ooooaof 






0.006 


4.28 


0.0004S5 


0.000440 


0.000014+ 






0.006 


S.3S 


0.000348 


0.000358 


O0000IO+ 






0.008 


2.65 


0.000261 


0.000270 


O00000»f 






0.O08 


1.71 


0.0001T4 


0.000181 


O00000T+ 


iaoi 




aoos 


0.90 


0.000067 


0.000096 


0.00000»f 



however, that when the y^ Bolution of iodine is employed a 
correction of 0.1 cm' for volumes not exceeding 80 cm' be- 
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comes necessary — the amount required to bring out the rose 
color in blank tests containing no gold. After the introduc- 
tion of 0.1 cm^ of y^ iodine into a nuxture of potassium 
iodide and starch indicator of volume not exceeding 30 cm', a 
single drop of the gold solution — equivalent to 0.000002 grm. 
of gold — gave a distinct rose color: before such adjustment 
of the solution five drops — equivalent to 0.000010 of gold — 
were needed to develop the same color. 

These results run on the whole as regularly as could be 
expected, and the use of the dilute standard solutions is 
obviously of advantage. 

In the practical application of any such process for the 
determination of gold, the elementary form of that metal is 
the natural starting-point. To get the metal into solution 
with chlorine water or mixed hydrochloric and nitric acids \b 
an easy matter, but the removal of the excess of the oxidizer 
by evaporation without reducing some auric chloride to the 
aureus form is difficult. We have found, however, that the 
free chlorine may be removed from a solution of auric 
chloride, without reducing the auric salt, by treatment of the 
solution with ammonia in excess, boiling gently, acidifying 
with hydrochloric acid and heating if necessaiy to redissolve 
the precipitate by ammonia, again treating with ammonia and 
heating, and once more acidifying. On the second addition 
of ammonia no precipitation usually takes place with the 
amounts of gold which we have thus handled, perhaps because 
enough ammonium chloride has been found to hold it up. 

The foUowing table contains determinations made with 
such a solution of pure gold leaf — tested gravimetrically as 
to purity. 

Obviously, this method, which rests upon the hypothesis 
that sodiimi thiosulphate acts in the normal manner only 
upon the iodine set free by the interaction of gold chloride 
and potassium iodide, offers trustworthy means for the 
determination of small amounts of gold. 
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TABLE m. 

Gold chloride m»de by diuolTiag 0,0104 gnn. of pure gold in the mmmiei 
detcribed sod dilntiiig to 200 cm*. 
Sodinni tfatoanlphftte, ueaAj j^ = 0.17012 to 1 liter. 
Iodine, newly j^ =0.18607 •• " 

Potauimn iodide = 10 gnu. " " 

Portion* were treited with the potutium iodide without preTiou dilntlon. 
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THE ACTION OF ACETYLENE ON THE OXIDES 

OF COPPER, 

Bt F. a. GOOCH Am DbFORSST BALDWIN.* 

In a recent paper by Erdmann and Kothner f an account is 
given of the foimation of a peculiar, light-brown, highly 
voluminous substance by the action of acetylene below 250° 
C. upon cuprous oxide, or even (though more slowly) upon 
copper. The product obtained by passing acetylene during 
eighteen hours over 1 grm. of cuprous oxide (prepared 
from copper sulphate, grape sugar, and sodium hydroxide) 
amounted to 7 grm. and filled a space of nearly 800 cm'. 
At higher temperatures a black carbonaceous mass is the 
result, and at red heat (400°--600° C.) carbon is deposited in 
graphitic condition. The light-brown fluffy material yielded 
cuprous chloride to hydrochloric acid, a distillate from its 
mixture with zinc dust possessing the characteristics of 
naphthene or, at higher temperature and under rapid heating, 
aromatic compounds among which naphthalene and a kresol 
were indicated. Erdmann and Kothner classify this body as 
a veiy complex but non-explosive copper acetylene (acetylen- 
kupfer,), and from their analyses deduce the formula C44HM 
Cuf Apart from the unusual constitution of this symbol, 
its most striking peculiarity is that it implies a loss of carbon, 
rather than hydrogen, from the acetylene in the reaction with 
cuprous oxide — a condition of affairs which would be most 
remarkable in the light of Campbell's experience,* according 
to which acetylene passed over palladinized copper oxide 

* From Am. Jour. Sci., yiil, 854. t Zeitochr. anorg. Chem., zriii, 49. 

I Amer. Chem. Jour., xtu, 690. 
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yielded water at 225^-280^ and carbon dioxide only when 
the temperature rose to S15°-S20° with the formation of a 
black deposit. Upon scrutinizing the figures of Erdmann and 
Eothner with care, however, it appears that the formula 
given by these investigators rests upon some oversight in 
calculation: the ratio of carbon atoms to hydrogen atoms 
proves to be actually, according to the data given, 6.46 : 6.70 ; 
which means, of course, that the new product is deficient, as 
would be expected, in hydrogen (not in carbon) as compared 
with acetylene. 

As to the content of the new substance in copper, the 
analytical data are unfortunately ambiguous; for we note 
the weights found of copper oxide converted into percentages 
of copper without preliminaiy reduction. If the fault is 
typographical and in the analytical data, the calculated 
percentages of copper being correct, the average percentage 
of copper amounts to 16.48 : if, on the other hand, the ana- 
lytical data are right, the error being in their reduction, the 
percentage of copper amounts to 12.92. In the one case the 
summation of the analysis leaves a deficiency of about 1.6 
per cent, and in the other of about 4 per cent, which in either 
case mqy really represent oxygen in the substance. This 
condition of matters leaves the ^'acetylen-kupfer" of Erd- 
niann and Kothner in tmcertam standing. 

More than thirty years ago it was noticed by Berthelot * 
that acetylene is polymerized by heat or decomposed partially 
into carbon and hydrogen, and that such action takes place 
more readily and at lower temperatures in presence of metallic 
iron with production of carbon, hydrogen and compounds 
different from those foimed by heat alone. 

Moissan and Moureu f have observed the incandescence of 
acetylene passed over finely divided iron, cobalt, nickel, or 
platinum at the ordinary temperature, with production of 
carbon, hydrogen, and pyrogenic compounds, and have found 
the occasion of such behavior in the porosity of the metals 
employed. 

• Ann. Chim. [4], ix, 448. t Compl. rend., czzii, 1240. 
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It would seem natural, however, that the presence of oxygen, 
free or combined, may also play a considerable part in such 
phenomena, just as appears to be the case in the peculiar action 
recorded by 6runer| of carbon monoxide upon iron reduced 
by hydrogen, which, as Moissan has shown,§ is produced pure 
only with the greatest precaution and generally carries a 
large proportion of ferrous oxide. The fact that the ^^ acety- 
len-kupf er " of Erdmann and Kdthner is produced more easily 
by the action of cuprous oxide upon acetylene than by the 
action of metallic copper upon acetylene, suggests that it may 
be the oxidizing power of the cuprous oxide which gives 
to this reagent its peculiar activity. The question arises, 
therefore, as to whether the copper is in reality an essential 
constituent of the compound of Erdmann and K^thner. 

In our experiments upon the action of acetylene upon the 
oxides of copper (and other elements) we have conducted the 
gas (made in the ordinary way by the action of water on 
calcium carbide, and kept over water) over the oxide contained 
in a porcelain boat placed within a glass tube, 2 cm. in diameter 
and 50 cm. long, which was heated over a small combustion 
furnace. The glass tube was fitted at each end with a rubber 
stopper, one canying a smaller tube for the introduction of the 
acetylene and a high-temperature thermometer so held that its 
bulb rested horizontally immediately over the boat containing 
the oxide, while the other was fitted with a water-trap. In the 
preliminary experiments no attempt was made to purify the 
acetylene employed other than to keep it over water, or, since 
water is a product of its action upon oxides, to dry it : in later 
experiments to secure products for careful analysis it was dried 
and purified with caie. 

We found that 225° C. is the temperature most favorable 
for the formation of the voluminous product obtained by acting 
with acetylene upon cuprous oxide as described by Erdmann 
and Ksthner. At this temperature the tube is choked rapidly 
with the fluffy product and water forms, but, as Campbell 
found in his experiments upon palladinized copper oxide, no 

X Ann. Chim. [4], zxri, 6. $ Ann. Chun. [6], zxi, 109. 
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appreciable amount of carbon dioxide is produced* The 
content of the product in copper varies m the sample and in 
different experiments, our results lying between 1.54 per cent 
and 24.21 per cent of the substance taken for ignition. 

It appeared, also, that t^e action of acetylene upon cupric 
oxide is precisely similar to that upon cuprous oxide excepting 
the evident reduction of the former oxide early in the action. 
The amount of copper in the product of such action varied in 
our experiments from 6.53 per cent to 21.80 per cent. In one 
case the experiment of rensubmitting to the action of acetylene 
a product containing 9.84 per cent of copper was made with 
the result that a new growth of the substance formed which 
on analysis yielded 8.87 per cent of copper. 

A roU of copper gauze carefully reduced in hydrogen and 
then oxidized at one end in the outer flame of a Bunsen 
burner gave, when acted upon by acetylene at 226° -250® C, 
the characteristic deposit upon the oxidized end only, t^e 
unoxidized end being merely discolored. 

These results go to show that, while metallic copper may at 
comparatively high temperatures induce the polymerization of 
acetylene, it is an oxidizing action which starts at moderately 
low temperatures the formation of the peculiar derivatives 
under consideration. Thus we find that ferric oxide heated in 
acetylene at temperatures varying from 150® to 860°, accord- 
ing to circumstances, darkens, glows, and gathers with evolution 
of heat a dark carbonaceous deposit. In the products of such 
action we have found the content of iron varying from 2.80 
per cent to 5.86 per cent. 

Silver oxide, too, acts upon acetylene: thus, in one 
experiment, action was evident at the ordinary atmospheric 
temperature, and a violent explosion, which completely shat- 
tered the boat and scattered metallic silver upon the sides of 
the glass tube, followed before the temperature reached 100®. 

In the locally violent explosion of the last experiment 
we have evidence of the formation in the early stage of an 
acetyUde which is decomposed later when the temperature of 
dissociation is reached. In the experiments with the oxides of 
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copper and iion the temperature at which the acetylene begins 
to act is evidently above the point at which sensitive acetylides 
would natuially dissociate, and we have in the observed 
phenomena no evidence of the formation of such compounds of 
copper and iron under the conditions of experimentation. 

In experiments (1) to (8) of the following table are given 
the results of the analysis of several products obtained by 
conducting acetylene (purified by passing through a solution 
of mercuric chloride in hydrochloric acid and dried over caustic 
potash) over pure cuprous oxide. The temperature was kept 
in these experiments at 225^, and in the course of a half-hour 
the tube was choked completely by material compacted by 
the pressure to (1) a spongy mass of light-brown color on the 
exterior next the walls of the tube, (2) darker within and (3) 
nearly black in the bottom of the boat, where the cuprous 
oxide lay originally. 



Exp. 

(8) 

(4) 
(6) 


Weight 
of sab- 
■taaoo 
taken. 






CO, 


HgO 


CnO 





H 


On 


OI17 
differ, 
enoe. 


gnn. 
0,1170 
0,2247 
0.1096 


grin. 

0.8978 
0.7480 
0.8678 


gnn. 
0.0678 
0.0979 
0.0488 


gnn. 
0.0022 

o!ob46 


gnn. 
0.1086 
0.2042 
0.1003 


gnn. 
0.0076 
0.0109 
0.0064 


gnu. 
0.0018 

o!obs6 


gnn. 
0.0008- 

0.6003 


0.1860 
0.1188 


0.4116 
0.8098 


0.0579 
0.0461 


0.0182 
0.0817 


0.1128 
0.0846 


0.0064 
0.0061 


0.0146 
0.0258 


0.0027 
0.0089 



Per cent of carbon 
Per cent of hydrogen 
Per cent of copper 
Per cent of oxygen 



(1) 


(2) 


(8) 


W 


(6) 


92.74 


90.88 


91.61 


82.57 


71.13 


6.41 


4.85 


4.93 


4.71 


4.29 


1.54 


• • • 


3.29 


10.74 


21.30 


• • • 


• • • 


0.27 


1.98 


3.20 



100.69 



100.00 100.00 100.00 



In experiments (4) and (5) the substances analyzed repre- 
sent the products of the action of acetylene (not specially 
purified) on cupric oxide. 

The oxygen present in these products is obviously pro- 
portional to the amount of copper and is never more than 
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enough to be completely accounted for upon the supposition 
that some of the original oxide taken stills holds its oxygen. 
So far as the analyses show, the product of lightest color (1) 
contains veiy little copper and no oxygen; the darkest prod- 
uct (3) obtained from the cuprous oxide contains oxygen 
corresponding to a mixture of two parts of copper with three 
parts of cuprous oxide; the oxygen in the products of (4) 
and (5) obtained by acting upon cupric oxide is approximately 
enough to correspond to a mixture of cuprous and cupric 
oxides in equal proportions. This fact, taken in connection 
with the great range of variation in proportion and the 
minimum to which the copper falls in the product, which 
would be least likely to include contaminating metal or 
oxide, suggests very strongly the probability that the oxygen 
present is in union with copper and that the copper is held 
mechanically as metal or oxide and is not the essential 
constituent of an organic compound. Leaving out of con- 
sideration, therefore, the copper and copper oxides, and 
calculating the composition of the products assumed to 
consist essentially of carbon and hydrogen, we derive the 
foUowing statement: 

Per cent of carbon 
Per cent of hydrogen 



(1) 


(2) 


(8) 


(4) 


(6) 


93.64 


94.83 


94.88 


94.60 


9431 


6.46 


6.07 


6.12 


6.40 


6.69 



100.00 100.00 100.00 100.00 100.00 

These figures correspond to symbols varying from diHio to 
nearly CuHio, with an average approximating CuHio, the 
symbol of anthracene or paranthracene. The analytical data 
of Erdmann and Kothner point in the average to a product 
corresponding more nearly to the first of these symbols than 
to either of the others. The product is doubtiess variable 
with the temperature and the activity of oxidation. Thus, 
in one experiment in which acetylene was passed over ferric 
oxide the action began at 865^ with incandescence, as de- 
scribed by Moissan and Moureu,* and the analysis of the 

* Locdt 
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product (carbon = 91.53, hydrogen = 1.86, Fe = 5.86, O = 
1.26) indicates a proportion of carbon to hydrogen about 
four times as great as that of the average product of action 
at 225^ on the oxides of copper. 

Finally, we find no evidence that the product of the action 
of acetylene on the oxides of copper under the conditions of 
our experimentation is other than a mixture of a hydro- 
carbon or hydrocarbons with metallic copper or an oxide of 
copper, and, probably, in the darker preparations, some bee 
carbon. 
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NOTES ON THE SPACE ISOMERISM OF THE 
TOLUQUINONEOXIME ETHERS. 

bt wm. conger morgan.* 

Ik an article on the ^* Ethers of Toluquinoneoxime and 
their Bearing on the Space Isomerism of Nitrogen,"! pub- 
lished from this laboratory, it was stated that the methyl, 
acetyl, and benzoyl ethers of toluquinonemetaoxime, whether 
formed by the action of hydroxylamine on the quinone or by 
nitrous acid on the corresponding cresol, showed evidence of 
existing in isomeric forms. Of these bodies the benzoyl ether 
received the most careful investigation, and by fractional 
crystallization, from the crude reaction-product, two portions 
were obtained, one readily separating from an alcoholic solu- 
tion in the form of yellow crystals melting at 198°, while 
a second body, melting approximately at 144°, was never 
obtained in a state of purity. The fact that from this 
lower-melting fraction, on recrystallization, a portion of the 
higher-melting body was always obtained, suggested the 
possibility that the solvent might have a tendency to cause a 
transition from one isomer to the other. Since, however, 
after repeated crystallizations from boiHng alcohol a low- 
melting fraction was obtained, and therefore such rearrange- 
ment was evidently incomplete, the action of alcohol under 
pressure on the different fractions was investigated. From a 
portion of Hie ether melting at 189°, heated for three hours in 
a closed tube to 120°, the product melting at 198° crystallized 
in a characteristic form and no crystals were obtained melting 

• From Am. Chem. Jour., xxii, 402. 

t Bridge and Morgan, Am. Chem. Jour., xx, 761. This Tolume, p. 145. 
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lower than 180^. On treating the higher-melting isomer in 
the same way, no action was observed until the tempera- 
ture was raLsed above 150^, when complete decomposition 
ensued. 

In order to ascertain, if possible, a direct method of tran- 
sition from one form into the other, the action of alkalies, 
among other reagents, was tried. No change other than 
a hydrolytic cleavage was observed, and this was readily 
completed on wanning. By saponifying a fraction melting 
completely at 142*^ and treating the isolated oxime in the 
usual way with benzoyl chloride, the benzoyl ether was again 
obtained, liquefying at 193^, and, although there was a 
trifling irregularity in the melting-point of some of the crys- 
tals, no low-melting fraction was isolated. On similar treat- 
ment of a portion melting at 198^ the original ether was 
obtained, but none of the low-melting isomer. 

From these facts it is obvious that the isomer existing 
in a much smaller proportion in the crude reaction-products, 
present as the principal constituent in the low-melting frac- 
tions, must be regarded as the labile form, tending to go over 
into the stable f oim under the influence of boiling alcohol 
or during the process of a chemical reaction. This action 
of alcohol increases the difficulty of isolating the labile form 
and naturally suggests the idea of using other solvents ; but 
imperfect as was the separation of the two isomers, better 
results were obtained from an alcoholic solution than by 
any other means. 

The phenomena described in the article to which reference 
was previously made, have been reproduced completely in the 
ethers made by the action of acid chlorides on the sodium salt 
of the oxime (to be described later) produced by the action 
of pure amyl nitrite on the sodium salt of the cresoL In the 
resulting metathesis, as in the product of the reaction of 
hydroxylamine on the quinones, there is not the possibility of 
the formation of a nitro-body as there is in the action of free 
nitrous acid on the cresols. Consequentiy the interfering 
action of an admixture of such a body with the oxime ethers 
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cannot influence the lesults as obtained, yet the presence of a 
low-melting body existing in a larger proportion in this product 
than in the substances formed by the agency of free nitrous 
acid according to the type fraction, was indisputably evidenced* 
The identity of the observed phenomena under varying 
conditions and methods of formation, thus removing the 
probability of an admixture of an impurity and at the same 
time of a structural difference, seems to establish the hypothesis 
of a space isomerism in the case of the ethers of toluquinone- 
metaoxime* 

Inasmuch as the monohalogen derivatives of the quinone- 
oxime ethers are beautifully crystalline bodies, it was thought 
advisable to prepare the monochlor- and monobrombenzoyl 
ethers of toluquinoneorthooxime in the hope of obtaining 
from these well-characterized products additionsd evidence as 
to the existence of isomeric phenomena in the orthooxime 
ethers. Although there was the possibility of both ^^ space" 
and ^* place " isomerism neither body offered any indication of 
the presence of isomers of any kind, but each appeared to be 
an entirely homogeneous and simple substance, liquefying 
sharply at a definite melting-point. 

Experimental Pabt. 

The Sodium Salt of Toluquinone-m-cxime. 

The sodium salt was prepared according to the general 
method suggested by Walker.* To a molecule of sodium 
alcoholate freshly prepared by dissolving metallic sodium in 
as little alcohol as possible, a molecule of the orthocresol was 
added and the solution treated with slightly more than the 
theoretical quantity of amyl nitrite, the whole being thoroughly 
mixed together. On standing in a vacuum over sulphuric 
acid, the sodium salt separates in fine purple crystals, which, 
on washing carefully with ether to remove amyl alcohol and 
excess of nitrite, is ready for use. It may be recrystaUized 
from dilute alcohol H further purification is desired. This 

* Walker, Ber. Dtsch. chem. Cjes., xyii, S09. 
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salt is extremely soluble in water, much less in alcohol^ and 
insoluble in most other organic liquids. On standing in the 
air it tends to decompose, turning almost black. On analysiB: 



0.1231 gram, dried over HsSOi, gave 0.0541 gram Na,S04. 

Oalenlatod for v<».>i 

Na 1448 14.26 



MonohromtoluqmnoiM^<Hmme Benzoyl Ether. 

This ether was obtained from the dibromide previously 
described * by boiling with dilute 75 per cent alcohol, during 
which process hydrobromic acid is spUt off. Being much less 
soluble in alcohol than the dibromide, the monobrom-body 
separates from the solution as soon as formed and may be 
obtained as a yellow crystalline powder by filtration of the 
cooled liquid. On analysis, 

0.1450 gram, dried over HsS04, gave 0.2774 gram COi, and 
0.0415 gram H,0. 
0.1102 gram gave 0.0643 gram AgBr. 





OuHnBrN(V 


Found. 


c 


62.49 


62.17 


H 


3.16 


3.18 


Br 


2498 


2483 



On ciystallizing from alcohol the ether was readily obtained 
in two, apparently unlike, modifications, one being long 
prismatic crystals, the other appearing as broad, thick, mono- 
clinic plates. It was at first believed that this distinction in 
crystal form was due to the presence of isomeric bodies, but 
no difference in melting-point could be found since each 
portion liquefied sharply at 184°. Under the lens, moreover, 
the plates are seen to be striated parallel to one edge and have 
all the appearance of consisting of a number of the simple 
crystals united to each other, since both forms are plainly of 

* Bridge and Morgan, Am. Chem. Jour., xz, 776. 



OF THE TOLUQUINONEOXIME ETHERS, 287 

the same system. Slow cooling was found to be productive 
of the massed crystals. 

Toluqidnone-o-oxime Benzoyl Ether Bichloride. 

The benzoyl ether was dissolved in a small amount of 
chloroform and dry chlorine gas passed into the solution. 
The action is very rapid and after fifteen minutes the liquid 
may be allowed to evaporate and the white product, crystallized 
once from glacial acetic acid, melts sharply to a colorless 
liquid at 149^ without decomposition. Fractional ciystaUiza- 
tion does not change the melting-point, except as the action of 
the solvent causes a slight formation of the monochlor-body. 
On analysis, 

0.1241 gram, dried over HaSO^, gave 0.2431 gram COs, and 
0.0424 gram HJO. 

0.2105 gram gave 0.1930 gram AgCl. 





CuHuOltHOr 


Found. 


c 


53^ 


53.42 


H 


3.65 


3.80 


CI 


22.72 


22.67 



The dichloride, like the dibromide, is slightly soluble in 
alcohol, readily soluble in chloroform, glacial acetic acid, and 
fuming nitric acid. Water precipitates the ether entirely 
unchanged from the two last-mentioned solvents. In crystal 
form it resembles very closely the dibromide, separating from 
a boiling acetic acid solution in short, thick, colorless, almost 
microscopic prisms, suggesting the orthorhombic system. In 
point of stability this ether, as well as the monochlor-body, 
far surpasses the corresponding bromine compounds. 

MovaeKlortoluqmrimie-^H>xime Benzoyl Ether. 

Analogous to the dibromide, by the action of dilute alcohol 
on the dichloride, hydrochloric acid is split off and a yellow 
monochlornsubstitution-product is formed, one hour being 
sufficient to complete the reaction. This ether closely resem- 
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bles the monobrom-deriyatiye in properties and in ciystal 
fonn. The product as obtained from an alcoholic solution 
will decompose and melt at a temperature vaiying ordinarily 
from 185^-193^, depending on the rapidity with which the 
heat is applied* ** Dipped '' for fifteen seconds, the crystals 
melt without decomposition at 200^. Although carefully 
fractioned from alcohol, ligroin, and benzol, the substance 
appeared to be entirely homogeneous, and no variation in the 
melting-point was observed. On analysis, 

0.1209 gram, dried over H,S04, gave 0.2688 gram CX)., and 
0.0424 gram HtO. 
0.1035 gram gave 0.0533 gram AgCL 

60.63 

3.90 

12.75 





0]«H|tCUI0^ 


c 


60.97 


H 


3.66 


CI 


12.87 



XXXVI 

ON THE VOLUMETRIC ESTIMATION OP 

CERIUM. 

Bt PHUIF e. bbowninq.* 

Some forty years ago Bunsenf showed that the oxide 
obtained by the ignition of cerium oxalate might be estimated 
Yolumetrically by bringing it in contact with potassium iodide 
and strong hydrochloric acid and determining the iodine set 
free. This method may be briefly described by a translation 
of part of the original article : ** The substance to be deter- 
mined is weighed out in a glass flask of from ten to fifteen 
cubic centimeters capacity, a few crystals of potassiiun iodide 
are added, and the neck of the flask is drawn out by the aid of 
a blowpipe to a narrow opening. The flask is filled almost to 
the narrowing of the neck with hydrochloric acid which is free 
from chlorine or iron chloride, and a little sodium carbonate is 
added in order to displace the last trace of air by carbon 
dioxide. The flask is then closed by sealing off the neck in 
the blowpipe and warmed in a water bath until the cerium 
compound is completely dissolved, and the quantity of iodine 
set free is determined by iodometric analysis." 

The anhydrous dioxide prepared by the ignition of the 
oxalate or hydroxide is very slowly acted on by acids, 
especially when pure.^ For this reason the method which 
Bunsen described has remained the only one adapted to the 
satisfactory volumetric estimation of the ignited dioxide. 

Two portions of the dioxide were prepared by treating the 
crude cerium chloride in concentrated solution with gaseous 

* From Am. Jour. Soi., Tiii, 46L 

t Ann. Chem. Fhar., ct, 49. 

I Boae, Handbuch der analytiichen Chemie, Band i, 219. 
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hydrochloric acid • to satuiataoQ to lemoTe the iron. The 
ceiium chloride ims then dissolved in vater, potassiain 
hydroxide added in excess and chlorine gas passed until the 
precipitate became distinctly orange in color and the solution 
gave a strong odor of chlorine-f This operation was repeated 
until a portion of the precipitate dissolved in acid showed 
no didyminm absorption bands when examined before t^ 
spectroscope. The whole precipitate of the dioxide was tiien 
dissolved in hydrochloric acid and the oxalate precipitated by 
ammoniom oxalate in laige excess. The precipitated oxalate 
was then washed thoroughly with hot water until the washii^ 
gave no test for hydrochloric or oxalic acids and ignited to Uib 
dioxide. Another portion of the dioxide was later prepared 
by precipitating a solution of pure cerium chloride by means 
of ammonium oxalate, washing and igniting as described. 
The dioxide in all three cases was of a light chamois color, 
and uniform results were obtained from the three portions. 

A modification of the method of Bunun — (with G. A. Hait- 
FOBD and F. J. Hali,). 
Weighed portions of the pm^ cerium dioxide were placed in 

email glass stoppered bottles of about 100 cm' capacity, togethes:^ 

with a gram of potassium iodide free from iodate and a fes-s^s 

drops of water to dissolve the iodide. A current of carlxr*-^ 

dioxide' was passed into the bottle for about five minutes -^ 

expel the air, 10 cm' of pure strong hydrocblorie atai i 

added, the stopper inserted and the bottle lieatei t 

a steam radiator for about one hour until tiie ^n-rii 

completely and the iodine was set free. A^v 

bottle, to prevent loss of iodine upon remn • ^ 

the contents were carefully washed into v^ 

water and titrated with standard Bodi *" ^ 

determine the amount of iodine liberated ^^ ^ 

known reaction *'*'^*^Viri ^'V/ / 

2CeO, + 8HC1 + 2KI = 2CeCl, + 3^ ^'^W ^ 

• Dennis and Mkgee, ZeltBchr. anorg. Chem ~^ 4."ta- '^ '^* 

t MoMnder,PhiI.M«g.,«Tiii.Ml; Denmm i-^^' ^Qc^ ^*»Ci 4 , / # 
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A few blank detenmnations were carried through in the bottles 
without the presence of the cerium dioxide to determine the 
amount of iodine set free under these conditions. The amount 
obtained was uniformly equal to 0.04 cm^ of the ^ iodine 
solution which was taken as the correction and applied to all 
the determinations. The results follow in Table L 

TABLE I. 



K^ 


OaOitikta. 


CeOf found. 


Srror. 




fUL 


gnu. 


gmu 


!>! 


0.1000 


0.0994 


0.0006- 


0.10S2 


0.1034 


0.0002+ 


*l 


0.1016 


0.1017 


0.00014- 


(^ 


0.1064 


0.1041 


0.0013- 


(6) 
(A) 
(7) 
(8) 


0.2010 


0.2021 


0.0011+ 


0.1104 


0.1109 


0.0006+ 


0.1914 


0.1907 


0.0007- 


0.1604 


0.1603 


0.0001- 


(9) 
(10) 

(11) 


0.2146 


0.2146 


0.0001- 


0.1108 


0.1099 


0.0009- 


0.1346 


0.1847 


0.0001+ 


(12 1 
(18 i 


0.1640 


0.1634 


0.0006- 


0.1076 


0.1968 


0.0008- 


0.1290 


0.1240 


O.OOlOf 


(16 


0.1109 


0.1202 


0.0003+ 


(16 


0.1G24 


0.1628 


0.0004+ 


(17) 


0.1212 


0.1211 


0.0001- 


18) 


0.1628 


0.1643 


0.001&+ 



In order to obtain a further check upon the accuracy of the 
method, portions of the cerium dioxide were weighed out and 
placed in a distillation apparatus previously employed for 
similar purposes and described in former articles from this 
laboratory, viz.: a Voit flask, serving as a retort, sealed to 
the inlet tube of a Drexel wash-bottie, used as a receiver, 
the outiet tube of which was trapped by sealing on Will and 
Vaixentrapp absorption bulbs. In the retort the cerium 
dioxide together with 15 cm' of water, 1 grm. of potassium 
iodide and 10 cm' of pure strong hydrochloric acid were placed. 
In the receiver were 100 cm' of water and 2 to 8 grm. of 
potassium iodide, and in the bulbs a dilute solution of potas- 
sium iodide. Before adding the hydrochloric acid a current of 
carbon dioxide was passed through the apparatus for some 
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minutes. After adding the acid, the liquid was boiled in the 
current of carbon dioxide * to a volume of 16 cm^ when the 
free iodine had ahnost completely left the letort and passed 
iuto the receiver, and the apparatus was allowed to cooL 

The iodine in the receiver was titrated directly with sodium 
thiosulphate, and that in the retort after dUution of the 
residue to about 400 cm^ the later amount seldom exceeding 
the equivalent of a few drops of ^ iodine solution. 

The results follow in Table U. 

Here also blank determinations were made but no correction 
was found to be necessary. 

An attempt early in the work to titrate by an alkaline arse* 
nite the iodine liberated, after neutralizing the hydrochloric 
acid, brought out some curious results which seem worthy of 
mention. 

TABLE n. 



XKp. 


OoOaWno. 


ObOs found. 


Xmr. 


(2) 

(8) 

W 

(6 

(6 

I 

12) 


gnxL. 

0.1028 
0.2060 
0.2014 
0.1716 
0.0974 
0.1600 
0.1268 
0.1276 
0.1620 
0.1016 
0.1648 
aiS62 

• 


0.1018 
0.2066 
0.2012 
0.1711 
0.0972 
0.1687 
0.1264 
0.1268 
0.1612 
0.1011 
0.1648 
0.1842 


gnau 
0.0016- 
0.0006- 
0.0002- 
0.0006- 
0.0002- 
0.0018- 
0.0014^ 
0.0008- 
0.0008- 
0.0006- 
0.0006- 
0.0010- 



In these experiments the contents of the bottles after the 
cerium had dissolved were carefully washed into a Drexel 
wash bottle upon the inlet tube of which was fused a thistle 
tube with a stop-cock and to the outlet tube a Will and Var- 
rentrapp absorption trap. In the trap a solution of potassium 
iodide was placed and through the thistle tube a saturated 

* The carbon dioxide gaa was ftunished bj a Eipp generator fh)m marble 
and hydrochloric acid of one-half strength, both of which had been boiled 
yreTionsly ta DetpoTe aU «ir. 
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solution of potassium bicarbonate was added to complete neu- 
tralization of the acid. Any iodine carried mechanically by 
the carbon dioxide should be held by the potassium iodide 
solution in the trap. After neutralization the free iodine was 
titrated by standard arsenious oxide solution. The results 
appear in Table III. 

TABLE m. 



Izp. 


OeObtukaii. 


GeOa found. 


Brrar. 




gn&* 


gnn. 


gmu 


(1) 


0.1000 


0.0087 


o.ooia-1 




(2) 


0.1006 


0.0081 


a0024- 


L 


(S) 


o.ioao 


0.1009 


0.0021- 


^\ 


0.1600 


0.1475 


0.002&-J 1 


^\ 


0.1030 


0.1006 


0.002&-' 




6) 


0.1010 


0.0088 


0.0022- 




7 


0.1610 


0.1608 


0.0002- 


H 


s 


0.1680 


0.1486 


0.0046- 





0.2046 


0.2011 


0.0034- 




(10 


0.2000 


0.1968 


0.0042- 




0^ 


0.13d4 


0.1802 


0.0082- 




12) 


0.1864 


0.1880 


0.0024- 




IS) 


0.1812 


0.1294 


0.0018- 




0^ 
15) 


0.1808 


0.1277 


0.0081- 


III. 


ai060 


0.1042 


0.0018- 




16 


0.1602 


0.1667 


0.008&- 




17 


0.1604 


0.1488 


0.0016- 





As will be seen by the table, an average error of about 2 per 
cent runs through the entire set. The natural conclusion 
would be that the cerium dioxide contained some impurity; 
but, as the first, second, and third samples, very carefully pre- 
pared, gave the same results, it seemed necessary to look else- 
where for an explanation. Two possible causes suggested 
themselves : first, mechanical loss during the process of neu- 
tralization, and second, the possible formation, under the condi- 
tions, of iodine chloride, which if formed would in the process 
of neutralization probably take the form of potassium chloride, 
iodide, and iodate, and thus some of the originally free iodine 
would be withdrawn from the amount titrated. To test these 
theories, portions of the -^ iodine solution roughly equiva- 
lent to the amounts of iodine set free by 0.1 and 0.2 grms. of 
CeO|, were drawn off into bottles previously filled with carbon 



294 VOLUMETRIC ESTIMATION OF CERIUM. 

dioxide, treated with the usual amount of atrong hydjochlorifi 
acid (10 cm'), and after Btanding from thirty to forty-five 
minutes, neutralized and titrated as already described. The 
results were most interesting and seemed to show a loss of 
iodine closely equivalent to that shown by the results of 
Table m, and proportional to the amount of iodine originally 
present. A few determinatioDS were carried tlurongb in the 
same way except tbat the neutralization was omitted and 
dilution and titration with thiosulphate substituted. These 
showed a loss of iodine well within the limits of such a proc- 
ess. The results follow in Table IV. 







TABLE IV. 










fcp- 


■^ft 


»^A 


Cnor. 






obI 


Oft- 


0B> 




(1 


e.22 


6.07 


0.16- 


0.0026- 






4.ST 










4.97 


0.13- 








S.47 










4.97 










6.97 


0.26- 


oxms- 


7 


10^1 


9.97 


0.24- 


0.0041- 


With Bodicm Thimduhi,™. 1 


(1 


6 


5.01 


0.01+ 


0.0002+ 






4.99 


0.01- 


0,0002- 




10 


10.02 


0.02+ 


O.0OOH- 


U 


laoa 


10.12 


0.0*+ 


0.0007+ 



! action <if arsemout oxide upon Cerium JHoxide — (witb 

Wm. D. Cotteh). 
Che fact tbat cerium dioxide is reduced 1:^ hydriodic add 
jested the possibility of the application of araenious acid 
loid solutaon to the same end according to the reaction 

4CeO, + As,0, = 2Ce/>, -f AbP«. 
a extreme difficulty with which the ignited cerium dioxide 
en pure dissolves in acids has already been mentioned, and 
this reason it was found practically impossibLe to obtain 
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any resnlts by this method. Weighed portions of the dioxide 
were placed in Erlenmeyer beakers with an excess of a solu- 
tion of arsenious oxide ^, 10 cm' of (1 : 1) sulphuric acid 
were added, and the boiling continued until Uie fuming point 
of the acid was reached ; but even at this point only a partial 
solution of the dioxide had taken place. 

The dark brown powder obtained by igniting the carefully 
washed oxalates, precipitated in acid solution by treating a 
solution of crude cerium chloride with ammonium oxalate or 
oxalate acid is very fairly soluble in acids. Mengel* has 
recently shown that this product contains a dioxide of praseo- 
didymium which acts as does cerium dioxide toward reducing 
agents. This fact makes the results recorded in the treatment 
of this ignited mixture of oxides of no value analytically, but 
of interest in the comparative study of the two reducing 
agents, arsenious oxide and hydriodic acid. Two portions of 
this mixture of oxides gave the following results, which agree 
fairly well with those of MengeL 



■9. 


Amomit of 


C«0. + (F«0.t) 
xonnd. 


Oaloidatod on 
aiOOOgrm. 


(I) 

(S) 


0.1087 
0.1084 


0.0680 
0.0688 


gnn. 
0.0611 
0.0620 



The average of these results was taken as a standard 
-0.0516 gnn. CeO„ etc., to every 0.1000 gnn. of material. 
Three carefully weighed portions of this same material were 
placed in Erlenmeyer beakers with 10 cm* of ^ arsenious 
oride solution and 10 cm* of dilute (1 : 4) sulphuric acid and 
boiled until complete solution had taken place. The liquid 
was then cooled, neutralized with potassium bicarbonate and 
titrated with standardized iodine to determine the amount of 
arsenious oxide remaining, and from it the amount used in the 
reduction of the dioxide according to the reaction given above. 
The results obtained follow. 

« 2Seit8chr. anorg. Chem., xiz, 07. 
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x^ 


^ir 


*"^^£^ 


aas^ 


n 


0.1006 
0.1016 
0.1006 


aoiM 

OMH 
00160 


0^1 

ao*87 

0M84 



As will be seen, the results obtained by this method fall 
about 0.0030 gnn. below the standard aa obtained by the dis- 
tillation method, which eeems to show that the arsenioos oxide 
does not effect the complete redaction of the ceritun dioxide 
from CeO, to Ce,Oi- 

In Older to study this point a little more fully and upon the 
pure dioxide, definite portions of a standard solution of pure 
cerium chloride were precipitated by ammonia in the presence 
of hydrogen dioxide and boiled to leduce the CeOi formed to 
the condititms of CeOf The precipitated hydrated dioxide 
was filtered off and carefully washed until the washings gave 
no indication of hydrogen dioxide. The moist precipitate was 
then washed into a beaker, one gram of potassium iodide added 
and 10 cm^ of strong HCL The precipitate dissolved quite 
readily in the cold and the iodine liberated was determined by 
standaid sodium thiosulphat^. The results appear in Tabde V. 



lip. 


OtO,Ukaa. 


OKOifomd. 


Bnor. 






(TB. 


gnu. 




0.1142 








0.1142 








0.1142 


0.11G3 






0.1142 


0.11G0 






0.U42 


0.1162 


o.ooia<- 


m 


0.1142 


0.1166 


0.0014+ 



Another series of these precipitates prepared in the same 
ray was boiled with a definite amount of arsenioos acid in 
Eld solution, as previously described in the case of the 
mited dioxide. The results which are recorded m Table VI 
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show, as in the case of the ignited dioxide, an insufficient 
reduction of the cenom 1^ the aisenions acid. 

TABLE TL 



x^.. 


C«),takMk 


CMifmnd. 


XlT«. 


1 


0^1 
0.0881 
ail42 

o-ioao 


(im. 
0.0370 
0.0361 
0.1077 

aioo2 


ftm. 
O.0OU- 

ftooao- 

0.0064- 
0.0066- 



The JEBtimation of Cerium 0xa3.aU hy Potaaivm Permon- 
ganate — (with Leo A. Lykch). 

Stolba* has stated that cerium oxalate may be estimated 
Tolmnetrically after the same manner as calcium oxalate by 
treating the washed precipitate, suspended in warm water, to 
which a moderate amount of sulphuric acid has been added, 
by potasaum peimai^anate. Ab the titration proceeds the 
precipitate disappears and the end reaction is sharp. He also 
finds that the permanganate does not oxidize the cerium 
from tbe lower to the higher condition. So &r as we have 
been able to discoTer, no experimental evidence has been 
presented to prove the correctness of Stolba's statement, and 
the work to be described was undertaken to furnish such 
evidence. 

The solutions used were prepared and standardized as 
foUom : The cerium solutions were made by dissolving 
10 grams of pure cerium chloride in one liter of water, and 
standardized by precipitating measured and weighed portions, 
in a faintly acid solution, with ammonium o''"'"*''' fiito""" 
washing, igniting, and weighing as the diox: 
solution of potassium permanganate was pre 
dardized by titration against weighed amount 
oxalate. A solution of ammonium oxalate 
its value determined by titrating measured i 

* SltiDDgBber. d. kgL bobm. GeKllicb. d. WiHenichaf 
Zeiuchr. anaL Cbem.. xiz, 194. 
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potassium permanganate. Definite portions of the eeriimi 
solution were drawn from a burette and after diluting with 
water from 100 to 200 cm' a definite amount of ammonium 
oxalate was added, care being taken to have an excess over 
the amount necessary, and the whole warmed to insure a 
more crystalline precipitation.* The precipitate was then 
filtered off on paper and carefully washed, the filtrate and 
washings being collected in a liter Erlenmeyer flask and set 
aside for future use. The precipitate was treated with about 
10 cm' of hot (1 : 4) sulphuric acid, which dissolved it 
completely, if not at first, by running it through the filter 
a few times, and the solution and washings were collected in 
another liter fiask. The total volume of liquid was made 
up to about 500 cm', warmed to about 70° C. to SO"* C. and 
titrated with potassium permanganate to the appearance of 
the faint blush of color showing the complete oxidation of the 
oxalic acid. The filtrate from the cerium oxalate containing 
the excess of oxalic acid was diluted to 600 cm', acidified 
with 10 cm' of dilute (1 : 4) sulphuric acid, one gram of 
manganous sulphate added to prevent the interfering action 
of the free hydrochloric acid upon the estimation of the oxalic 
acid,t and titrated with potassimn permanganate after the 
same manner as the dissolved precipitate. A definite quantity 
of anunonium oxalate having been originally taken, it became 
possible, by subtracting from it the amount obtained, to 
derive the measure of the oxalate used in the precipitation 
of the cerium oxalate. By this procedure, it will be observed 
a check was made upon the results obtained by the titration 
of the precipitate. In experiments (1) to (6) the cerium 
oxalate was thrown down in neutral solution, in experiments 
(7) to (10) in acid solutions. The treatment of the filtrate 
in experiment (1) was made without the presence of the 
manganous sulphate. The results recorded in Table VII 
seem to uphold the statement of Stolba. 

* Ab Bhown bj the table, the precipitation was sometimes in neutral, acme- 
times in faintly acid solution. 

t Gooch and Peters, Am. Jour. ScL, vii, 461. This volume, p. 222. 
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TABLE Vn. 







Amonnt found. 




Anumntfomid. 






Amount taken. 




SfTor. 


CalcnUted m 


Bnor. 


■>9- 


OalcoUtad 


CeClt. 


OalonlAted M 


OeCl^ 


Calculated ae 




mC«OV 


Treatment of 
pnoilritrta. 


OeO]» 


Treatment of 
fifcnta. 


OeOV 




gnn. 


grm. 


gim* 


fpWu 


gnn. 


fl) 


[0.1001 


0.1087 


0.0004- 


0.1028 


0.0068-] 


(2) 


0.1091 


0.1108 


0.0011^f 


• . 


• • 


8) 


0.1091 


0.1087 


0.0004- 


0.1087 


0.0004- 


\*l 


0.1S64 


0.1878 


0.0009+ 


0.1891 


0.0027+ 


\4 


0.1864 


0.1867 


0.0008+ 


0.1867 


0.0008+ 


(6) 


0.2182 


0.2202 


0.0020+ 


0.2206 


aOQ24+ 


(7) 


0.1091 


• • 


• • 


0.1087 


0.0004- 


(8) 


0.1610 


0.1686 


0.0016+ 


ai686 


0.0016+ 


(9) 


0.1364 


0.1867 


0.0008+ 


0.1867 


o.oooaf 


m 


0.2182 


0^188 


0.0001+ 


0.2188 


0.0000 



XXXVII 

ON THE ESTIMATION OP THALLIUM AS THE 

CHROMATE. 

Bt PHILIP E. BBOWNING aud GEOBGE P. HUTCHIK&* 

Cbookes has shown f that the chiomate precipitated by the 
addition of potassium dichromate to an alkaline solution of a 
thallous salt has the constitution of a neutral salt and is very 
insoluble in water — 100 parts of water at 100^ C. dissolving 
about 0.2 parts and at 60° 0. about 0.03 parts. He has also 
made use of this reaction X to effect a rough separation of 
thallium from cadmium. 

The object of this paper is to describe some work directed 
toward a study of the application of this reaction to the gravi- 
metric estimation of thallium and the best conditions under 
which to effect the precipitation. For the work a solution 
of thallous nitrate was made by dissolving 10 grms. in water 
and making up to a liter. The standard was determined 
by taking measured and weighed portions from a burette, 
precipitating with a slight excess of potassium iodide, agitat- 
ing to bring about a good separation of the thallous iodide, 
and allowing to stand until the supernatant liquid was 
clear. The iodide was then filtered off upon an asbestos felt 
contained in a perforated platinum crucible, the whole having 
been previously ignited and weighed, washed with a mixture 
of alcohol and water, dried over a low flame and weighed 
to a constant weight. The filtrate, which together with 
the washings seldom amounted to more than 50 cm^, was 
evaporated to dryness on a water bath, a few drops of water 

* From Am. Jour. Sci., yiii, 460. f Chem. Kews, Tiii, 25& 

I Chem. News, rii, 146. 
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added and thus the small amount of thallous iodide which 
had been dissolved recoTered. This small insoluble residue, 
which seldom amounted to one milligiam in weight, was 
filtered off, washed and weighed as pieTiously described. 
BsuWgny • has shown this method to give very satisfactory 
results, and the uniformity of our determinations certainly 
confirms his statements. 

For convenience in the calculations of results to be de- 
scribed later, a solution of potassium dichromate of definite 
strength was made. Portions of the tlmlliiim solution were 
drawn from a burette into test tubes of about 100 cm' capacity 
and we^hed as a check on the burette reading. The solution 
was heated to about 70° C. to 80° C. and a few drops of 
ammonia or potassium carbonate solution added to distinct 
alkalinity. A definite amount of the potassium dichromate 
in solution was delivered from a burette, care being taken to 
have an excess, and the contents agitated to bring about a 
good separation of the precipitated chromate. After the 
precipitate bad completely settled out and the solution had 
become cold the chromate was filtered upon asbestos, as 
described above, dried over a low flame and weighed to a 
constant weight. The filtrates from several determinations 
were evaporated to a small volume and in one or two cases 
a lemdue amounting to a few tenths of a mUligram was 
obtained, but no appreciable quantity of dissolved chromate 
WB8 thus recovered. It was found that when the precipita- 
tion was made in the cold the chromate did not flock well, 
but remained partly in a finely divided condition which would 
run through the felt and require repeated filtration. The 
addition of ammonium nitrate before precipitation pi™"!"*-^! 
this largely, even in the cold, but die best resi 
obt^ned by warming the solution before precipiti 
using potassium carbonate rather than ammonium li 
The results follow in Table I. 

An attempt was made to estimate the thallium i 
cally by determinii^ the amount of chromate in W 
• Cbem. Newt, Ixir, 289. 
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TABLE L 



Kzp. 


TINOatakni, 

Oalciujited M 

T]|0. 


T^Cr04 found. 

OalcnlatodM 

11,0. 


Srror. 

CaknlatodM 

T^O. 


2, 

(12) 


gnu. 
0.0796 
0.0792 
0.0792 
0.1188 
0.1192 
0.1186 
0.1190 
0.1189 
0.1196 
0.1196 
0.1178 
0.1171 


gnu. 
0.0791 
0.0788 
0.0786 
0.1177 
0.1186 
0.1178 
0.1186 
0.1188 
0.2000 
0.2006 
0.1178 
0.1168 


gnn. 
0.0006- 
O.OOOi- 
0.0006- 
0.0011- 
0.0006- 
0.0007- 
0.0006- 
0.0006- 
0.0004+ 
0.0009+ 
0.0000 
0.0008- 



from the thallous chromate, and by difference (the potassium 
dichromate originally added being known) the amount 
combined with the thallium in the precipitate. The method 
used to determine the standard of the dichromater solutions 
and also the chromate remaming in the filtrate was described 
by one of us in a previous paper from this laboratory.* 
According to this procedure the filtrate from the thallous 
chromate containing the excess of alkali chromate was acidified 
with sulphuric acid, a definite amount of a solution of arsenious 
oxide, previously standardized, was added and the whole was 
allowed to stand a few moments until the change from the 
yellow to the bluish green showed the complete reduction of 
the chromic acid. Potassium bicarbonate was added to distinct 
alkaline reaction and the arsenious oxide remaining was 
determined by titration with standard iodine solution. The 
amount of the arsenious oxide oxidized is of course ihe 
measure of the chromate in the solution. The amount of 
chromate in the original solution used being known, by 
subtracting the amount thus determined in the filtrate the 
chromate in combination with the thallinm may be readily 
found, and from it the thallium estimated. Filtrates from 
certain precipitates, of which the determinations are given in 

• Am. Jour. 8cL, i, 86, 1896. Volume I, p. 844. 
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Table I, were treated in this way, and the results, indicated by 
corresponding numbers, follow in Table 11. 

TABLE n. 



K9- 


TDTOwtikan. 

OalcnTatad as 
TlaO. 


I1aCr04 f Ofond. 

CkloidatodM 

TV>. 


Krot. 

GalonlatadM 

TlsO. 


(8) 

(») 
(10) 

(11) 
(12) 


gnu. 
0.1192 
0.1189 
0.1196 
0.1196 
ail78 
0.1171 


gnu. 

0.1198 
0.1206 
0.1180 
0.1192 
0.1182 
0.1190 


gtiu* 
0.0006+ 
0.0016+ 
0.0016- 
0.0004- 
0.0009+ 
0.0019+ 



The method cannot be veiy accurate on account of the high 
molecular weight of thalliuni oxide as compared with that of 
the chromic acid determined, but the results check &irly well 
with the grayimetiic method. 
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THE ETHERS OF ISONITROSOGUAIACOL IN 

THEm RELATION TO THE SPACE 

ISOMERISM OF NITROGEN. 

Bt JOHN L. BBIDGE avd WM. CONGEB MORGAN.* 

When the presence of isomeiism in the qninoneoximes was first 
noted by one of ns,t and the phenomenon exhibited by the 
two isomeric ethers then described was shown by Kehrmann ^ 
to be due to no structural differences, but to necessitate the 
assumption of a spatial arrangement about the nitrogen atom* 
according to the theory of Hantzsch and Werner, the plan was 
adopted of studying the various substituted qninoneoximes, 
by means of their acyl and alkyl ethers, with reference to 
this phenomenon. Accordingly we have investigated the 
toluquinoneoximes,§ both orbho and meta, producing them 
by the action of nitrous acid on the cresol as well as by 
hydroxylamine on toluquinone, and found that, whereas there 
is abundant evidence for the existence of stereoisomeric bodies 
in the metaoxime ethers, in the derivatives of the orthooxime, 
all such indication is wanting. The significance of this 
observation is furthermore increased by the fact that all 
oximes, in which isomerism has been reported, may be 
considered as derivatives of metasubstituted quinones, and it 
seemed not improbable, therefore, that these observations 
might be formulated into a general rule regarding the 
appearance of isomerism in the qninoneoximes. 

In the course of his investigation of the properties and 
reactions of isonitrosoguaiacol, among other derivatives, Pf ob || 

* From Am. Chem. Jour^ zzii, 48&. t Ami. Chem. (liebig), ccIzztu, 79. 

t Ami. Chem. (liebig), cdxzix, 27. 

S Am. Chem. Jour., zz, 761 ; zzii, 402. This Tolnme» pp. 146, 288. 

11 Monatsh. Chem., zriii, 467. 
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made the methyl and acetyl ethers, but did not announce the 
observation of any cases of isomerism. Isonitroso^tiuacol may 
be considered as the metamethoxyqniuoneoxime, hence tills 
metAsubstatated quiuoneoxime presented conditions differing 
widely from the other members of the same series above 
mentioned. Moreover, because of its dose relationship to 
toluquinonemetaoxime, from which it differs only by the 
interposition of an oxygen atom between the ring and the 
methyl group, it seemed possible that isomeric modifications 
of the ethers might exist, which had been overlooked by the 
former investigator, When, furthermore, Rupe * made no 
mention of such appearance in his research on isonitrosoguaiar 
col, it seemed advisable to undertake anew the investigation of 
this body with the special purpose of discovering such 
isomerism, if possible, and to couple with it an investigation 
of tbe orthometboxyquinoneoxime or isonitroso derivative of 
the monomethyl ether of resorcin, in order by this means to 
be able to parallel in these closely analogous bodies the 
experiments with the ortho- and metacresols. 

With tins idea, the work of Pfob and Rupe was carefully 
repeated, so far as it pert^ned to the question in hand, 
but, a^de from minor differences, our results served only to 
corroborate the testimony of these investigatora. New 
derivatdves, to be described later, were prepared in the hope 
that these bodies might show some variations leading to the 
discovery of isomeric modifications, but each appeared to be 
entirely homogeneous and no evidence for isomerism could be 
found. These results are of course only negative and do not 
disprove the existence of space isomers in the same bodies, 
yet the same methods, which gave very positive e 
their presence in other quinoneoxime ethers, wei 
detect them in this instance. 

Aside from the difficulty of obtaining the pure m 

ether of resorcin in any considerable quantity, becat 

synthetical processes and inefficient methods of 

inasmuch as preliminary experiments pointed to a n 

■ Ber. Dtach. cbem. 0«s., 1x2, 2444. 
YOU n.— 20 
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^PS OF ISaNITROSOGUAIACOL. 

^^^\k>Tx -gvitlx nitarouB acid such as Kietaibl* 

oi^xcAaRNs^'^"^^ ^O^^y^ ^tlxer, it \¥as thought inadviBable in 

ioxwA^^^^^^ 0t^*^ Q^Vitaiued with the meta body, to conr 

^<e^^^ ^^ ^^^ -tJ>^ others of orthomethoxyquinoneoxime. 

^asvxv^ >2Ba "^^^^©a^^^^^^ "^^^^ ^ continued, and the results 

^oTV«toa% ^^^ ^iii laouoiiitrosoresorcin will soon appear. 

'EXPKBIMBNTAL PaBT. 

J%(yniJtTO%oguaiaeol and Salts. 
The iBonitroaoguaaacol used in the investigation was pre- 
pared both by the method of Pf ob, working with nascent nitrous 
acid in alcoholic solution, and also by the general method for 
the formation of the sodium salts of isonitroso bodies sug- 
gested by Walker.f To a concentmted alcoholic solution of 
sodium alcoholate, guaiacol is added in sufficient quantity to 
form the sodiimi salt by the resulting metathesis, then, to this 
solution of sodium guaiacol, slightiy more than the theoretical 
quantity of amyl nitrite is added and, after thorough mixing, 
tiie liquid is allowed to stand over sulphuric acid for twenty- 
four hours, when the bright olive-green crystalline sodium salt 
of isonitrosoguaiacol separates. After washing thoroughly 
with ether, pulverizing and rewashing, the salt may be used 
directiy for the preparation of derivatives, or, if further purifi- 
cation is desirable, it may be dissolved in water, acidified with 
hydrochloric acid, and the filtered and dried product dissolved 
in ether and shaken with animal charcoal, when, upon evapo- 
ration, the pure isonitrosoguaiacol crystallizes. Of the above 
methods of preparation the latter is much to be preferred, 
although Rupe mentions it unfavorably because of poor yields 
and impure products. He advocates the use of ethyl nitrite 
in a closed tube ; but on trial we were unable to obtain the 
quantitative yields which he reports and the seventy per cent 
yield which the amyl nitrite gives, makes this method quite 
equal, in efficiency as well as purity of reaction-product, to 
the other more tedious process. 

The silver salt, formed from the sodium salt by treating the 
aqueous solution with a slight excess of silver nitrate, comes 

* Monatsh. Chem., ziz, 630. f Ber. Dtsch. chem. Ges., zrii, 800. 
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down as a brown gelatinous precipitate, which becomes crystal- 
line on gently warming, or may be obtained in crystalline form 
at once by heating the separate solutions to 50° G. before mix- 
ing. It is a very unstable salt, the dry product decomposing 
with a yeiy gentle heating. 

Isonitrosogtuiiacol Benzoyl Ether. 

The sodium salt formed as above was dissolved in as little 
water as possible and four or five times its volume of alcohol 
added* This solution was thoroughly shaken with a slight 
excess of benzoyl chloride, added drop by drop. The reaction 
is immediate and the ether soon begins to come out of the 
solution in abnost pure condition. Reciystallized from alco- 
hol, it separates in straw-colored, branching crystals, which 
melt sharply at 188® C. when "dipped" for ten seconds. 
Heated gradually from normal temperatures, it begins to de- 
compose at 175° C. and liquefies at 185°-188° C, the temper- 
ature depending on the rapidity with which heat is applied. 

Fractional crystallization from alcohol or other solvents did 
not essentially change the melting-point, nor were any differ- 
ent phenomena o'bserved when the isonitrosoguaiacol was made 
by the acid reaction. This ether dissolved readily in chloro- 
form and glacial acetic acid, much less in benzene and ligroin, 
and is practically insoluble in ether and carbon disulphide. 
On analysis : 

0J.100 gram of the substance, dried over HtSO^ gave 0.2632 
gram CO., and 0.0428 gram H,0. 

0.1205 gram of the substance gave 6.46 cm* N at 16*^ G. and 
772 mm. pressure. 

Oalenlated for v<...«ii 

0^t04H. '«»*• 

C 65.34 65.26 

H 4.31 4.32 

N 5.46 5.88 

IsanitroBoguaiaeol Bevaoyl Ether Dibramide. 

Three grams of the benzoyl ether were dissolved in 25 cm^ 
of chloroform and 2 grams of bromine were added, the mix- 
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true being kept cool by runmng water. The solution was 
allowed to stand for from one to two houis and then to evapo- 
rate spontaneously. The dibromide is left behind as a light- 
brown substance. Attempts to ciystallize from glacial acetic 
acid proved unsatisf actoiy since ^e boiling solvent caused a 
decomposition of the ether; nor did a solution in fuming 
nitric acid, precipitated by water, give a pure white product 
The best results were obtained by washing with warm dilute 
alcohol when the product becomes yellowish-white, and melts 
at 158'*-164** C, browning considerably above 140** C. An 
analysis of the substance purified in this manner shows a low 
percentage of bromine. 

0.1052 gram of the substance, dried over HtS04, gave 0.1&47 
gram COs, and 0.0284 gram HaO. 
0.0509 gram of the substance gave 0.0449 gram AgBr. 







Vouud. 


c 


40.29 


40.10 


H 


2.66 


3.00 


Br 


38.34 


37^2 



Monobrami8anitro9ogtiaiaeol Benzoyl Ether. 

By boiling the white dibromide with 60 per cent alcohol for 
three-quarters of an hour, the halogen acid and a bright-yel- 
low monobromine compound are formed. This ether crystal- 
lizes from boiling alcohol in the characteristic prismatic form 
of such bodies and melts with decomposition at 178^ C. 
Repeated recrystallizations did not change this melting-point, 
and no indication was noted suggesting the possibility of a 
mixture. On analysis: 

0J.317 gram of the substance, dried over H^SOf, gave 0.2410 
gram COs, and 0.0368 gram H,0. 

0.2101 gram of the substance gave 0.1172 gram AgBr. 





Odeahtodfar 
OwB,/>,,rab 


«.ii.d. 


c 


49.99 


49.91 


H 


3.00 


3.11 


Br 


23.79 


23.76 



XXXIX 

THE CONSTITUTION OF THE AMMONIUM 
MAGNESIUM ARSENIATE OF ANALYSIS. 

Bt mabtha austin.« 

The striking analogy between the phosphates and the arse- 
mates led Levolf to undertake the separation of an ammonium 
arseniate corresponding to the ammonium magnesium phos- 
phate, the composition of which Beizelius had given. Levol 
states that ammonium magnesium arseniate of the composition 
NH4MgAs04 . lOH^O is obtained by adding a solution of a 
double ammonium magnesium salt to arsenic acid, and that it 
is a salt possessing about the same degree of solubility in water, 
in ammoniacal water, and in ammoniacal water containing 
magnesium salt, as the corresponding phosphate. Further, he 
found that by heating this salt to red heat after carefully 
drying, magnesium pyroarseniate was given, from which 
arsenic can be estimated readily. 

Wach{ and H. Rose § obtained the ammonium magnesium 
arseniate containing six molecules of water of ciystallization by 
precipitating arsenic acid with magnesia mixture and then add- 
ing an excess of ammonia, and by drying at 100° C. were able 
to estimate the arsenic present as the ammonium-magnesium 
arseniate containing one-half molecule of water. This method 
seemed to offer an advantage over the method of estimation as 
the pyroarseniate, for results obtained below the theoretical 
amount of arsenic present gave rise to the suspicion that 
during ignition arsenic was reduced by the ammonia driven off. 
Rose attempted in another way to avoid this loss by igniting in 
a current of oxygen ; and later Reichelt|| ignited the residue 

• F)rom Am. Jour. 8d., iz, 66. t Ann. Chim. m, zrii, 601 (1S46). 

I Schweig^er, Jour. f. Ch. n. Fhyt., liz, 207. 

S Ann. Fhji., dii, 20 (1840). | Zeitschr. anaLChem., zx, 80. 
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solution distinctly ammoniacaL After standing until the 
precipitate subsided, the solution was filtered and tested for 
arsenic by hydrogen sulphide. Within certain limits of 
volume all the arsenic is removed from solution by the magnesia 
mixture. In case of (8) two additional amounts of the 
precipitant had to be made in order to remove the arsenic, the 
solution being ammoniacaL Results (4) to (10) of the table 
were obtained in the same manner as (1) to (8), the amount 
of arsenic acid present being increased ten times. In (9) and 
(10), where the smaller amounts of magnesia mixture were 
used, additional portions had to be added before all the arsenic 
was removed from solution. When the laiger amounts of 
ammonia were used the results did not seem to be influenced, 
(7) and (9). The results recorded in (11) to (21) were 
obtained by precipitating the arsenic in solution in presence of 
ammonium chloride by the magnesia mixture. It is evident 
that the presence of ammonium chloride causes some arsenic 
to be dissolved and further that this solvent effect is overcome 
by the magnesia mixture added in larger amounts, even when 
the ammonium chloride present amounts to sixty grams in 
weight, as in (21). 

In order to find how much arsenic is dissolved from the 
ammonium magnesium arseniate once precipitated so that no 
arsenic is left in solution, experiments were made in which the 
arsenic in the filtrate was weighed after precipitating by hydro- 
gen sulphide in hot acid solution, filtering off on asbestos 
imder pressure, washing successively with water, alcohol, car- 
bon disulphide, alcohol, and water, and diying at 100^ C. 

TABLE IL 



H.O contalninff 1 on^. 
im^Ofl In 200 em>. 


NH40H 
(■p. gr. 0.96). 


A>.Os 
dig«ife«d. 


A%0. found 


gm* 


em* 


gl'Ul* 


gnn. 


• • • 


100 


0.6 


0.0019 


■ • • 


100 


0.6 


0.0026 


100 


• • • 


0.6 


0.0008 


100 


• • • 


0.6 


0.0006 


10 


• • • 


0.6 


0.0002 


10 


■ • • 


0.6 


0.0004 
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It is evident from these qtialitative tests that, so far as con* 
cems the amount of arsenic dissolved from the ammoniimi 
magnesium arseniate, it is safe to use a faintly ammoniacal 
ivash water in small amounts — less than 100 cm^ — to remove 
traces of reagents from the residue after it is gathered upon 
the asbestos felt. Usually 25-60 cm' of wash water were used 
in rinsing ofE the precipitate in the experiments about to be 
given below. 

The solution of arsenic employed in this work was prepared 
by dissolving ten grams of pure arsenious oxide, carefully 
resublimed, in a platinum dish in an excess of pure nitric acid 
and evaporating on the waterbath to dryness, dissolving the 
arsenic acid produced in water and diluting to a volume of 
one liter in a standard flask. 

Definite portions of this solution were drawn from a burette 
into a platinum dish and precipitated ^th magnesia mixture, 
prepared as described, in the proportion shown necessary by 
the qualitative tests for the complete removal of the arsenic 
from solution, and the solution was made distinctly ammoni- 
acal. The precipitate, dissolved in hydrochloric acid in slight 
excess, was brought down again by ammonia in distinct excess. 
After standing until the precipitate had completely subsided, 
the precipitate was gathered on an asbestos felt in a perforated 
platinum crucible, making use of the filtrate to remove the 
last portions of the precipitate to the felt, before washing any 
reagents from it on the felt with faintly ammoniacal water. 
After carefully drying, the residue was ignited. The results 
shown in section A of Table III fall so far below the theory for 
magnesium pyroarseniate that it seems evident that the arsen- 
iate shows a tendency here to form a salt richer in ammonia 
than the ideal MgNH4As04, and yielding on ignition some 
metararseniate instead of the normal pyroarseniate. In section 
B the magnesium ammonium arseniate was precipitated by add- 
ing to the solution of arsenic acid magnesia mixture contain- 
ing no free ammonia in the proportion necessaiy (60 cm') to 
remove the arsenic from solution, and then making the solution 
distinctly ammoniacal After the precipitate had subsided, it 
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was filtered off on asbestos under pressure in a perforated 
platinum crucible washed on the felt with ammoniacal water, 
dried and ignited. These results are also below the theoiy 
for the pyroarseniate. Evidently the conditions here are even 
better for the formation of the salt too rich in ammonia than 
they were in the first case. No arsenic was found by hydro- 
gen sulphide in any case either in the filtrate or in tJie wash 
water after acidifying and heating. 

TABLE m 



1 


]Cg,AB|Ov ooorraipondlng to ^afit> 


by fiJSin 
theflitnto. 


TiJraa. 




Xrror* 


fPOkm 

0.7848 
0.7848 


0.7800 
0.7794 


gnn. 
0.0048- 
0.004&~ 


None. 
None. 


1 


0.7848 
0.7843 


0.7772 
0.7769 


0.0071- 
0.0074- 


None. 
None. 



In section A of Table IV the results recorded were obtained 
by precipitating definite portions of arsenic acid drawn frona 
a burette into a platinum dish with the distinctly ammoniacal 
magnesia mixture in proper proportion, and afterward adding 
a little more ammonia, filtering off on asbestos under pressure 
in a perforated platinum crucible as soon as the precipitate 
subsided, washing off on the felt with ammoniacal water any 
of the reagents left on the precipitate in transferring it to the 
felt by using the filtrate, drying, and igniting. No arsenic 
was found in any case in the filtrate or in the wash water by- 
hydrogen sulphide. The conditions of precipitation here 
prove to be such, as the results show, that the salt of ideal 
constitution is formed. Comparing these results with those 
of Table III, it seems that the conditions under which the salt 
of ideal composition is formed are such that at the moment 
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and in the locality of precipitation the amount of magnesimn 
chloride in a certain volume of solution must be large in pro- 
portion to the amount of ammonia present as the chloride 
and the hydroxide ; otherwise the ammonium of the ammonium 
arseniate, naturally formed first, does not suffer sufficient dis- 
placement by magnesium to produce the normal ammonium 
magnesium arseniate. At all events, the treatment applied in 
the experiments of A resulted practically in the complete pre- 
cipitation and in the production of a precipitate of nearly 
ideal constitution. 

TABLE rv. 



A. 




MgiABtOf ooRMfponding to Aa^a. 






tbc^ 








llAflBMlft 

miztuze. 


irH«CL 










Takan. 




Sixoir. 








grm. 


grm. 


gmou 


OBr 


gnu. 


(8) 


0.7848 


0.7880 


0.0018- 


60 


» • 


0.7848 
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In section B of the same table the results recorded show the 
effect of increased amounts of ammonium chloride on the 
constitution of the ammonium magnesium arseniate. Enough 
magnesia mixture was used in each case to remove the arsenic 
completely from solution. The precipitates were gathered on 
asbestos in a perforated platinum crucible and treated like 
those described in section A of the table. It is evident as 
shown by (5) and (6) of the table that ammonium chloride 
causes a replacement of some of the metal by ammonia in the 
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ammonium magnesium arseniate (to form, possibly, a salt of 
the constitution Mg(NH4)4As04) though the solvent effect 
of the ammonium chloride is overcome by the addition of a 
sufficient amoimt of magnesia mixture. No aisenic appeared 
in the filtrates, and, further, experiments (7) and (8) show 
that increasing the amoxmt of magnesia mixture present will 
cause the formation of the salt of ideal constitution even in 
presence of considerable amounts of ammonium chloride. 
Indeed this is possible where as large an amount as sixty 
grams of the salt is present, as results (11) and (12) show. 
Obviously, ammonium chloride in any amount above what is 
required for the magnesia mixture tends to dissolve the 
precipitate, but this solvent effect may be neutralized by 
increasing the amounts of magnesia mixture even though the 
precipitate formed is richer in ammonia than the ideal salt. 

In no one of the many precipitates tested by silver nitrate 
for included chlorides was more than an inappreciable trace 
found. 

Evidently, when ammoniacal magnesia mixture, amounfiiig 
to about thirty cubic centimeters in excess of the theoretical 
amount necessary to precipitate all the arsenic as the ammo- 
nium magnesium arseniate, is added to the faintly acid 
solution of arsenic acid (carrying no ammonium salts) in a 
volume not exceeding two hundred cubic centimeters, the 
precipitate appears to fall in ideal condition. If the precipi- 
tated salt is transferred to the filtering crucible by the aid of 
portions of the filtrate used as the washing liquid and finally 
washed on the asbestos with about twenty-five cubic centimeters 
of faintly ammoniacal water — an amount which is quite 
sufficient after the transfer has been made — no arsenic gets 
into solution. The weight of the carefully dried and ignited 
pyroarseniate indicates with accuracy the amount of arsenic 
present. 



XL 

ON THE ESTIMATION OF THALLIUM AS THE 
ACID AND NEUTRAL SULPHATES. 

Bt PHILIP E. BROWNING.* 

GfiOOKEst h&a shown that the salt obtained by heating 
thallous chloride with sulphuric acid until the excess of the 
latter is expelled and then raising the heat to redness has the 
constitution of a neutral sulphate. 

He also found that continued heating did not result in 
any essential loss of weight, and suggested the possibility 
of applying this method of treatment to the estimation of 

Castanjen^ in a recent paper discusses thoroughly the 
compotrnds of thallium and confirms essentially the statements 
of Crookes in regard to the neutral sulphate, adding, however, 
the observation that on strong ignition in the air this salt 
tends to lose sulphuric acid. He also mentions in the same 
paper the acid sulphate, and states that on heating it first 
melts and on continued heating gives off sulphuric acid, 
leaving the neutial sulphate. 

The work to be described in this paper was undertaken to 
determine under what conditions the formation of these salts 
may be applied to the estimation of thallium. For the work a 
solution was made by dissolving a given amount of the nitrate 
in water and making up to a liter. The value of the solution 
was determined by precipitating measured and weighed 
amounts of this solution both as the iodide and chromate, as 
described in a previous paper.§ Closely agreeing results by 

* From Am. Jour. Set, ix, 187. t Chem. News, yiii, 243. 

I Jour, prakt. Chem., cii» 131. 

S Am. Jour. Sci., yiii, 460. ThiB Tolume, p. 300. 
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stilphuric acid present in combination was determined, and 
showed amounts closely agreeing with the constitution of the 
neutral sulphate. 

These results would seem to show that thallium may be 
estimated either as the acid sulphate or as the neutral sulphate 
by careful attention to the proper conditions of temperature. 



XII 

THE SEPARATION AND DETERMINATION OP 
MERCURY AS MERCUROUS OXALATE. 

Bt c. a. pbtebs.* 

It is stated in the literature f that oxalic acid, neutral and 
acid oxalates of the alkalies, precipitate meicurous salts, and 
that oxalic acid and the double oxalates of potassium produce 
no precipitate with mercuric chloride solution. Starting with 
these facts, the attempt was made to estimate mercurous salts : 
volumetrically, by precipitating with ammonium oxalate and 
determining the oxalic acid by potassium permanganate ; and 
grayimetrically by direct weighing of the precipitate. 

The Volumetric ^stimatiaiu 

The mercurous nitrate solution used was standardized by 
the battery, and contained about 12 grm. of metallic mercury 
to the liter. To obviate the tendency of the mercury salt 
to break down and form basic salts X upon the addition of a 
large amount of water if no nitric acid is added, the solution 
was prepared in the following manner. About 20 grm. of 
mercurous nitrate were ground in a mortar, transferred to a 
flask, and 200-800 cm^ water added. After shaking well, 
the solution was filtered and the filtrate diluted to one liter. 
Five cubic centimetera of this solution when precipitated with 
a sodium chloride solution gave a filtrate from which only a 
very slight darkening in color could be obtained, even upon 

* From Am. Jour. Sd., iz, 401. 

t Rose-Finkener, Handbuch der analytiBChen Chemie, 1, 819. 

t Graham-Otto, Handbnch, iii, 1102. 
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several hours' standing, when treated with hydrogen sulphide, 
thus showing the absence of a mercuric salt. 

A solution made in the above manner had not changed 
its standard after a period of eight weeks. The potassium 
permanganate solution (approximately ^) was standardized 
against lead oxalate. 

It was first attempted to estimate the mercurous salts as 
follows. The mercurous oxalate was precipitated cold by 
means of ammonium oxalate, stirred well, and allowed to 
settle, the completion of the precipitation being determined 
by addition of more ammonium oxalate. The precipitate was 
collected on asbestos, washed once or twice with cold water, 
and (still in the crucible) treated in a beaker with 6 cm' of 
strong hydrochloric acid. To the solution diluted to 100-200 
cm^ 1 grm. of a manganous salt was added, and the oxalic 
acid was titrated with permanganate at the ordinary tem- 
perature of the room. The end color was not stable and 
was hard to determine. Three experiments, using 0.1217 of 
mercury in form of mercurous nitrate, gave plus errors of 
0.0011 grm., 0.0017 grm. and 0.0028 grm. respectively, or 1.5 
per cent. The precipitate when dissolved in sulphuric acid 
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and titrated gave no better results. To obviate this difficulty 
the ammonium oxalate solution was matched on the per- 
manganate and the oxalic acid in the filtrate determined. 
The results obtained by this method, given in the preceding 
table, are quite accurate. 

In the experiments recorded in section A of the table the 
filtrate was titrated in the presence of hydrochloric acid and 
a manganous salt, at a temperature of 20° -40^* In the 
experiments under section B sulphuric acid was added and 
the solution heated in the usual manner. An excess of 
ammonium oxalate, as shown in experiments (4), (5) and 
(10), interferes in no way. 

The separation of the mercurous salt from small quantities of 
mercuric salts, by the means of dilute nitric acid (sp. gr. 1.15), 
was next attempted. It is stated f that mercurous oxalate is 
insoluble in cold dilute nitric acid, while mercuric oxalate is 
more or less soluble in the same reagent. Before attempting 
any separation, however, there are three fitctors with reference f 

to the action of the nitric acid which need to be deter- 
mined — first, the nutTiTmiTn amouut of nitric acid that may 
be present in the titration of an oxalate without interference ; 
second, the maximum amount of nitric acid that may be 
present in a precipitation of mercurous oxalate without hav- 
ing any perceptible solvent action upon the same ; and, third, 
the amount of mercuric oxalate which will be held in solution 
by given amounts of nitric acid. 

To determine the amount of nitric acid that may be present 
in the titration of an oxalate, 10 cm* of ^ ammonium oxalate 
were titrated with permanganate at a dilution of 100 cm* 
with sulphuric acid at 80° C. The event proved that 10 cm* 
of nitric acid (sp. gr. 1.15) may be present without appearance 
of interfering action. The maximum amount of nitric acid 
which may be present without action upon the mercurous salt 
wias determined as shown in the following experiments. 

• Gooch and Peten, Am. Jonr. Sci., yii, 461, 1890. This Tolume, p. 222. 
t Souchaj and Lenssen, Ann. Chem. (Liebig), di, 43. 
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Working under the conditions stated in the above table, it 
is plain that 6 cm^ of nitric acid (sp. gr. 1.15) may be used 
before its solvent action is sufficient to interfere with the 
accuracy of the process. 

To determine the amount of mercuric salt that would be 
held up by 5 cm* of nitric acid (sp. gr. 1.16), the following 
experiments were made. 
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Five cm* of dilute nitric acid (sp. gr. 1.15) will prevent the 
precipitation of small amounts of mercuric salt, 10-20 mgrm. 
calculated as mercury, depending upon the amount of am- 
monium oxalate present in excess. This amount of nitric acid 
has no apparent solvent action on a precipitate of mercurous 
oxalate under conditions ah:eady stated and does not interfere 
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with the titration of an oxalate by permanganate as already 
shown. 

Carrying out the process of separation of meicnrous salts 
from mercuric salts, the precipitation was made as described for 
the estimation of mercurous salts alone, excepting that nitric 
acid and the mercuric salt were added. The experiments in A, 
B, and C, of the accompanying table show the amounts of mer- 
curic salt from which the mercurous oxalate may be separated 
with 2 cm^ of nitric acid. In experiments in section A the 
results are quite accurate, but an excess of ammonium oxalate 
tends to increase the results a little as seen in experiments 
under B. An increase in the amount of mercuric salt present 
causes also, as shown in section C, the results to be a trifle 
high. 

In experiments D, using 4 cm' of nitric acid even in the 
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presence of an excess of ammonium oxalate, the results are 
accurate. In experiments E the amount of mercurous salt 
was doubled and the results are accurate. In EE the amount 
of mercuric salt was also doubled and the results are still 
fairly accurate ; but when a large excess of ammonium oxa- 
late is present as in experiments F, even with the smaller 
amount of mercuric salt, the results are high. At a dilution 
of 200 cm^ the results are normal as seen in experiments G ; 
but the introduction of more mercuric salt, as in experiments 
H, causes a plus error. 

Using 5 cm* of nitric acid, the larger amount of mercuric 
salt together with a large excess of ammonium oxalate, as 
recorded in experiments K, the error is raised a trifle; but 
with a smaller amount of mercurous salt, as in experiment I, 
the result is normaL 

In precipitating mercurous salts by ammonium oxalate (^) 
it is an easy matter to keep the excess of the precipitant 
within the limits of 1 or two cm*, because the mercurous oxa- 
late, when properly stirred, settled very rapidly. 

The Oravimetric JEstimatioTL 

All the conditions described above in the volumetric estima- 
tion of mercurous oxalate, for the separation of mercurous 
from mercuric salts, may be applied to the gravimetric estima- 
tion of mercurous oxalate. The precipitate is collected on a 
weighed asbestos filter, washed two or three times with cold 
water and dried over sulphuric acid to a constant weight. 
Amounts of mercurous oxalate equivalent to 0.1217 and 0.2244 
grm. of metallic mercury dried to a constant weight over sul- 
phuric acid in about 16 hours ; a larger amount equivalent to 
0.8 grm. of metallic mercury, required about 2 days to dry to a 
constant weight. ' Souchay and Lenssen* state that mercurous 
oxalate breaks up at 100°; consequently this temperature 
carmot be used for drying. For example, a precipitate con- 
taining 0.1122 grm. mercury as the oxalate which when 

• Ann. Chem. (Liebig), ciii, 808. 
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brought to a constant weight at the ordinaiy temperatuie over 
sulphuric acid weighed 0.1871 gnn., when heated weighed as 
follows : 

After 7 hours at 110% weight = 0.1338 grm. 
« 2 " •' " 0.1328 " 

a 7 it u ti 0.1302 *' 

The result shows a loss of 0.0069 grm. for 16 hours, heating, 
and agrees with the statement of Souchay and Lenssen. 

The following experiments give the results of the gravi- 
metric work, in which the drying was effected, by exposure 
for 15 hours or less, at ordinary temperatures over sulphuric 
acid. The larger amounts of nitric acid present in the separa- 
tions cause the precipitate to be more granular and aid in the 
filtering process. 
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In section K are experiments showing the accuracy of the 
process where a mercurous salt is precipitated in the absence 
of a mercuric salt. A sonall amount of mercuric salt was 
introduced in experiments L, and ^^ excess of ammonium 
oxalate in experiment M, a still latger amoimt of mercuric 
salt was present in experiment jJ* ^^ ^ larger amount of 
mercurous salt in experiments \VY\d^^ ^' ^^ experiments in 
section P a dilution of 200 cnx8 ,^^ employed both with and 
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without an excess of ammomum oxalate. All the results are 
within reasonable limits of error. 

The work may be summed up briefly as follows : Mereurous 
nitrate may be estimated volumetrically by precipitating as 
the oxalate and determining the excess of the precipitant with 
permanganate. 

The precipitated mereurous oxalate may also be estimated 
gravimetricaUy by drying it over sulphuric acid and weighing 

directly. 

In solutions containing 2-5 per cent dilute nitric acid, sp. gr. 
1.15, mereurous salts may be separated quantitatively as tlie 
oxalate from small quantities of mercuric salts. 

If about 0.12 grm. of mercury is present as the nitrate in 
100 cm® of water, about 12 per cent of that amount of mercury 
as the mercuric salt may be present without interfering with 
the accuracy of the estimation, and even 20 per cent may be 
present before an appreciable rise in the result is apparent. If 
the amoimt of mereurous salt present is doubled, the amount 
of mercuric salt which may be present is cut down about 
one-half. 
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THE TITRATION OF MERCURY BY SODIUM 

THIOSULPHATE. 

By JOHN T. NORTON, Jr.* 

Agcobding to J. J. Schererf merctirous nitrate, mercuric 
nitrate and mercuric chloride may be estimated by direct 
titration with sodium thiosulphate, HgtS, 2HgS . Hg(N08)i, 
and 2HgS . HgCl, being the precipitates obtained in each 
case. I have been unable to obtain access to Scherer's original 
publication, but Sutton J gives the following veiy general 
directions for this process: 

" (a) Mercuraus %alt%. — The solution containing the metal 
as a protosalt only is diluted, gently heated and the thiosul- 
phate delivered in from the burette at mtervals, meanwMe 
well shaking until the last drop produces no brown color. The 
sulphide settles freely and allows the end of the reaction 
to be easily seen. One cm^ of the Jif normal solution of 
thiosulphate = 0.02 grm. Hg or 0.0208 grm. HgaO. 

" (J) Mercuric nitrate. — The solution is considerably diluted, 
put into a stoppered flask, nitric acid added and the thiosul- 
phate cautiously added from the burette, vigorously shaken 
meanwhile, until the last drop produces no further precipitate. 
Scherer recommends that when the greater part of the metal 
is precipitated the mixture should be diluted to a definite 
volume, the precipitate allowed to settle and a measured 
quantity of the clear liquid takel^ ^^^ titration; the analysis 
may then be checked by a secoiX(} ti*^^^^ ^^ ^^ ^^^^ liquid if 
needful. One cm« of jV normal f v - atdp^^ = ^-^^^ S™^- ^8 ^^ 
0.0162 gnn. HgO. ^^^O^ 

* From Am. Jom* -^ 43- 

t Scberer'a Lehrbi,^^** ^' ^bewie,i,5ia. 

t Volumetric An^i^^ ^^< ^* 
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** (e) Mercuric chloride. — With mercuric chloride the end of 
the process is not so easily seen. The veiy dilute solution is 
acidified with hydrochloric acid, heated neariy to boiling, and 
the tbiosulphate cautiously added so long as a white precipitate 
is seen to form ; any great excess of the precipitant produces 
a dirty-looking color. Filtration is necessary to distinguish 
the exact ending of the reaction. One cm^ of ^ normal 
thiosulphate = 0.015 grm. Hg or 0.0162 gnn. HgO." 

Fresenius * gives practically the same directions, but omits 
all mention of that poriion of the process dealing with 
mercurous nitrate. 

In view, therefore, of the scant information available on the 
subject and of the apparent difficulty of working the process 
accurately according to the directions ^ven, an attempt was 
made to ascertain whether the careful regulation of t«mpera^ 
ture, dilution, and amount of acid present might not produce 
beneficial results. 

That portion of the process dealing with mercuric chloride 
was first taken up. The mercuric chloride used was pulverized, 
dried at 100° and its purity proved by several detenninationfl 
as mercuric sulphide. The sodium thiosulphate was made 
up of approximately ^ normal strength and standardized 
on decinormal iodine, which in turn was titrated t^ainst 
decinormal arsenious acid made from pure resublimed arsenious 
oxide. 

For the action of sodium thiosulphate upon the mercuric 
chloride Scherer gives the equation, 

SHgCl, + 2Ifa,S,0, + 3H,0 = 2HgS . HgCl, + 2Na^0« + 4HC1. 
According to my experience, the action results in the formation 
of a dense white precipitate which refuses to settle either by 
shaking or standing, thus making it impossil 
reaction by reading the first drop of thiosulphal 
no further white precipitate in the solutio 
mercuric chloride. Recourse muat be had the] 
By iaj the quickest and neatest method is tc 
■ QaaatitaUve AnftlyiU. 
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filter deposited on a large perforated platinmn cone.*' This 
cone is Bet in a glasB funnel by means of a rubber connector 
and the funnel is passed through the stopper of a large side- 
necked Erlenmeyer connected with an exhaust pump. A little 
asbestos fiber shaken in the liquid to be filtered was found to 
be very beneficial in preventing the precipitate from running 
through the filter. In all the following experiments the 
thioBulphate was run into the solution containing the mercuric 
chloride in excess, the whole shaken up with asbestos fiber, 
filtered and the excess of thiosulphate determined by ^ 
normal iodine. This procedure seems to be far preferable 
to attempting to catch the end of the reaction t^ run- 
ning in the thiosulphate until the last drop produces no 
precipitate. In the experiments shown in Table I no at- 
tention was paid to the temperature of the solution, and the 
thiosulphate was run in until the liquid turned brown. In 
every case the solution was allowed to stand until there was 
no further visible change of color. 



Bip. 


"Ss-KT 


^™'° 


Vcj™. 


^.sr- 


Bim. 




Eg. 


■ 


Ugfaltoa. 


Hg- 






fm. 


Ool 


Bn>> 


gnu. 


pm. 




0.0*46 


46.28 


200 


0.0348 


OJllOS- 




0.03M 


W^ 


400 


0.0326 


O.0O28- 




0.03SS 


44.g7 


400 


0.0226 


0.0181- 




00346 


44-5 


100 


0.0806 


0.003T- 




0.0364 


44.43 


60 


0.0328 


0.0028- 




0.0882 


22.69 


60 


0,0364 


0.0028- 




0.0876 


8.68 


fiO 


0,0385 


0.0010+ 




■0.0371 


1.84 


60 


fMMA 


0.0087- 




0.0731 


2.28 


60 


0.0774 


0.004^ 


(10) 


0.148S 


9.U 


60 


0.1469 


0.000^ 



A glance at the table shows that the results are most 
irregular. In Table II is seen the result of regulating the 
temperature and the length of standing after the addition of 
the sodium thiosulphate. 

* Amer. Cbem. Jour., t, 821. 
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These results, although hetter than those of Table I, are 
stall very uncertain. On the supposition that the change 
from white to black, which takes place in the soliftjon after 
the addition of an excess of sodium thiosulphate more or less 
quickly according to the temperature, was due to an increased 
amount of HgS in the compound 2HgS . HgCl^ the next 
step was to ascertain whether this could be avoided by 
stopping the addition of the thiosulphate at the first indica- 
tion of a change of color in the white precipitate, diluting 
tbe solution wit^ a lai^ amount of cold water and immed- 
iately throwing it on the filter. Table III shows the result 
of the experiments. 

TABLE lU 
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In tiie case of quantitieB of mercuric chloiide up to 0.1 
grm. the results shown in Table III are very Batisfectory, but 
when larger amounts of mercuric chloride are used the errors 
agwn become prominent In Table IV, the effect of lowering 
the temperature to 60° C. and of increasing the dilution to 
100 cmS ia shown. 
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From tJiia table it is plain that Scherer's process for the 
estimation of merouiy in the fonn of mercuric chloride is 
capable of yielding accurate results if carried out under 
certain fixed conditions. These conditions, which must be 
closely adhered to, are as follows: The solution containing 
the mercury in the form of mercuric chloride is placed in a 
hter flask, diluted to 100 cm' and heated to a temperature 
of 60° C, The sodimn thiosulphate in 5^, normal solution 
is run in from a burette until the white precipitate formed 
begins to take on a brownish tinge. The solution is then 
diluted with cold water, acme asbestos fiber added to coagu- 
late the precipitate and the whole is quickly thrown on the 
filter. After careful washing of the precipitate, the filtrate 
is diluted to a definite volume, 8 gnn. of potassium iodide 
added and the excess thiosulphate titrated with iodine and 
starch solution. The duration of the process need not 
exceed 15 minutes. It is worthy of note that there is no 
necessity of using any hydrochloric acid in addition to that 
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under which satdsf actoiy results could be obtained. Table V 
gives the result of experiments. 

The errors in experiments (1), (8) to (6), (10) to (12), 
and (17) are, proportionally to the amount of material handled, 
practically the same and this fact caused me to make a careful 
revision of all standards ; but no mistake could be found. 
The reaction upon which the process depends requires the 
formation of HgsS, but this mercurous sulphide breskks down 
immediately into mercuric sulphide and mercury. The latter 
is probably acted upon by the free nitric acid present to 
fonn mercuric nitrate, which in turn is transformed into the 
compo\}nd 2HgS . Hg(NOs)s by the action of the thiosulphate. 
At any rate, with an error so large, whatever its source may 
be, the process is plainly impracticable. 

The third step in Scherer's process deals with the action of 
sodium thiosulphate on mercuric nitrate. In the following 
experiments a solution of mercuric nitrate was prepared 
either by dissolving as far as possible 20 grm. of mercuric 
nitrate in about 200 cm' of cold water, filtering off the 
supernatant liquid and dilating to a definite volume (l)-(8), 
or by dissolving the salt in strong nitric acid and diluting' 
(9)-(19). The standard of the solution was obtained by 
precipitation as metallic mercury by means of the electric cur- 
rent. The yeUow precipitate, formed according to Scherer's 
reaction, 

3Hg(N0,), + 2Na,S,0, = 2Hg8 . Hg(NOa), + 2Na,S04 + 2N,0„ 

on adding the sodiiun thiosulphate settles much better than 
in the case of either mercuric chloride or mercurous nitrate ; 
but, as the supernatant liquid takes on a permanent yellow 
color towards the end of the reaction, it is impossible to see 
when the thiosulphate produces no further precipitation. On 
this account, therefore, the same procedure was adopted as 
in the case of the mercuric chloride ^d mercurous nitrate, 
L e., filtration and titration of fHe excess of sodium thio- 
sulphate with iodine and starch sol^^^^^' '^^ result of the 
experiments is shown in the f ollrv,^--4j^ ^b^* 
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These reBuIte seem to show the impossibility of ohtaimng 
accurate results according to Scherer's method for the deter- 
mination of mercuric nitrate by direct titration with sodium 
thioaulphate. The constant plus error cannot be accounted 
for on the hypothesis that the nitric acid present decomposes 
the sodium thiosulphate, for in that case the error 
lie in the other direction. It is more probable the 
constitution of the compound 2HgS . Hg(NO,)» is not d 
enough to make it the basis for an analytical proceas. 
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THE lODOMETRIC ESTIMATION OF ARSENIC 

ACID. 

By F. a. GOOCH and JULIA C. MORRIS.* 

The interaction of a soluble arseniate and a soluble iodide in 
a suitably acidulated solution results, as is well known, in the 
reduction of the arsenic acid (more or less completely according 
to conditions of temperature and proportions of reagents and 
solvents) with the corresponding liberation of two atoms of 
iodine for every molecule of arsenic acid (HtO«AsO) reduced. 
Inasmuch, however, as the reaction of this process is reversible, 
it is necessary, in order that the reduction may be complete, 
to nullify the oxidizing action of the iodine liberatedi 
Theoretically this end may be accomplished in either of two 
ways, by volatilizing the free iodine bodily or by destroying 
the oxidizing power of the iodine by converting it to hydriodic 
acid. The former method was followed in a processs devised 
for the estimation of arsenic acid and elaborated in this 
laboratory.t This method, as originally put forward, consisted 
in adding to the solution of the arseniate potassium iodide in 
excess of the amount theoretically indicated, with 10 cm^ of 
sulphuric acid of half strength, and so arranging the dilution 
that the total volume of the liquid should be about 100 cm^ 
boiling until the volume decreased to 40 cm^ bleaching by 
the cautious addition of sulphurous acid the trace of free 
iodine still held by the hydriodic acids, diluting, cooling, 
neutralizing with acid potassium carbonate, and titrating with 
iodine, after adding the starch indicator. This process, 
depending upon the removal by volatilization of all but the 

* From Am. Jour. Sci., z, 151. 

t Gooch and Browning, Am. Jour. Sci., zl, 66. Volume I, p. 80. 
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last traces of liberated iodine and the conversion of this 
minute residue by sulphurous acid, involves no secondary 
reactions of a sort likely to influence the main effect. It is 
exact and fairly rapid. 

The method of Williamson,* brought forward more recently, 
depends upon the conversion of the liberated iodine to 
hydriodic acid. The interaction at ordinary temperatures of a 
suitably strong acid, hydrochloric or sulphuric acid, upon the 
mixture of the arseniate and iodide sets free iodine, and the 
liberated iodine is converted to hydriodic acid by the action of 
sodium thiosulphate, the end point being the disappearance 
of the iodine color. 

According to Williamson's directions, 25 cm^ portions of the 
solution of the arseniate are treated with potassium iodide and 
mixed with an equal volume of hydrochloric acid of sp. gr. 
1.16. The precaution is recommended that the strength of 
the solution of the arseniate shall not exceed the decinormal 
value, in order that the dilution consequent upon titration by 
the thiosulphate may not be too great — the reducing action 
brought about by the action of the strong acid upon the 
arseniate and iodide being reversible upon the dilution of liquid 
with water. This procedure thus limits the process to the 
determination of about 0.18 grm. of arsenic acid in 25 cm' of 
the solution to be treated with an equal volume of hydrochloric 
acid of sp. gr. 1.16. Obviously, however, the process should, 
so far as the reduction is concerned, be applicable to larger 
amounts of arsenic provided the strength of the acid is kept up 
proportionately. It is essential that the liquid at the end of 
the titration should contain approximately ten per cent of its 
mass of absolute hydrochloric acid or about one-third of its 
volume of the aqueous acid of sp. gr. 1.16. 

The arsenic acid is measured either by the amount of 
standard thiosulphate required to bleach the iodine or by the 
amount of iodine required to reoxidize the reduced arsenious 
acid, after neutralizing with acid potassiiun carbonate. If the 
former alternative is followed, the end-reaction must be the 

• Jour. Soc. Djen and Colorista, 1896, 86-89. 

VOL. 11. — 22 
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disappearance of the yellow color of the iodine, since in 
solutions so strongly acid it is impossible to place dependence 
upon the starch indicator; in using the latter alternative, the 
starch indicator is, of course, permissible and preferable. 

In the direct titration of the iodine by thiosulphate two 
sources of error present themselves as possibihties ; first, the 
excessive liberation of iodine by the action of air upon the 
strongly acidulated iodide; and second, the liability of the 
thiosulphate,* if present even m momentary or local excess 
during the process of titration, to break down under the actiou 
of strong acid, thus changing its capacity to convert iodine to 
hydriodic acid. The latter contingency should be remote in 
proportion to the caution used in adding the thiosulphate and 
in keeping the liquid well stirred ; the former must of necessity 
vary with the acidity of the solution containing the iodide, the 
time of exposure to atmospheric action, and the degree of 
contact with the air incidental to stirring. We have thought 
it desirable, therefore, to see how fax each of these possibilities 
is likely to interfere in the practical conduct of an ordinary 
analysis. 
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The effects likely to result simply from the strong acidifica- 
tion of the solution containing potassium iodide and their 
variation for conditions of dilution representing the beginning 

* Norton, Am. Jour. Sci., vii, 287. This rolame, p. 206. 
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^^ ^ tffO^^*^^^^ ^^ ^® ^®® ^^ down are shown in 

^^^^^^^^ /^ "^^^ solution of potassium iodide was 

^e 5Wfc^^>^C^^>^^tBd before the addition of the a<5id and the 

^"^^ ^ ^^^^ titi-ated by thiosulphate. The proportion- 

i<3dia& ^^ ^l axiid and the time before titration are, obviously, 

«.^Bte»^^ ^tors. The absolute amount of acid present 

^^^ ^^jrti^g B^m to make little difference. 

Ab to the aotion of the hydrochloric acid on small amounts 
ol the thioa^P^^' ^^ ha,YQ the evidence of the experiments 
detailed in tb© following statements in which 1, 2, and 5 cm^ 
of nearly ^ thiosulphate are exposed to the action of 25 cm^ 
hydrochloric acid, sp. gr. 1,16, without dilution or diluted with 
an equal volume of water, were titrated with nearly ^ iodine. 
The condition of acidily when the volume of 50 cm* contains 
26 cm* of hydrochloric acid, sp. gr. 1.16, is that of the 
beginning of titration of Williamson's process. In order that 
the effect of error due to such action upon the determination 
of arsenic acid may appear immediately, the thiosulphate and 
iodine nsed are expressed in terms of that acid. 
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These two sources of error, the one due to a liberation of 
iodine and the other due to decomposition of the thiosulphate, 
would naturally tend to overeome one another, but the com- 
pleteness of such neutralization would naturally be largely a 

* In these experiments the acid stood in contact with the thiosulphate 
5 minuteB before titration. 
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matter of chance in the varying conditions of actual analysis. 
The experiments of the following table, however, in which 
^ thiosulphate, to the amount of 1, 2, and 5 cm^, was added 
to the liquid, 60 cm^ and 75 cm®, containing 26 cm® acid, and 
titrated with iodine at once, and after five minutes, were 
made to test the matter for the conditions of dilution at the 
beginning and at the end of a titration. 



HCl 


Kr. 


TolimiB. 


KiuB|0« nearly 
^Intenns 
of Hg0«AB0. 


lodhMin 
termaof 
H,0.Aa0, 

at once. 


Iodine in 

tennsof 

HgOgAsO, 

afterSmin. 


BiTor 
intennaof 
H,OtAftO. 


cin> 


gnn. 


cm> 


em* 


gnn. 


gnn. 


gnn. 


gnn. 


25 


2 


60 


1 


0.0071 


0.0057 


• • • 


0.0014- 


25 


2 


75 


1 


0.0071 


0.0071 


• • . 


0.0000 


25 


2 


50 


2 


0.0141 


0.0131 


• . • 


0.0010- 


25 


2 


75 


2 


0.0141 


0.0143 


■ ■ . 


0.0002+ 


25 


2 


60 


5 


0.0858 


0.0832 


• • • 


0.0021- 


25 


2 


75 


5 


0.0353 


0.0357 


• • • 


0.0004+ 


25 


2 


50 


1 


0.0071 


• • • 


0.0028 


0.0043- 


25 


2 


75 


1 


0.0071 


• • • 


0.0067 


0.0004- 


25 


2 


60 


2 


0.0141 


• • • 


0.0116 


0.0025- 


25 


2 


75 


2 


0.0141 


• • • 


0.0139 


0.0002- 


25 


2 


50 


5 


0.0358 


• • • 


0.0812 


0.0041- 


25 


2 


75 


5 


0.0853 


• • • 


0.0861 


0.000S+ 



It is clear that under the conditions covered by the experi- 
ments of the two preceding tables the decomposition of the 
thiosulphate is likely to occur in greater or less degree, and 
that when the acid of sp. gr. 1.16 is not much diluted, the 
products of decomposition are not oxidized by the iodine 
completely. The latter observation is quite in harmony 
with the fact that sulphur dioxide bleaches iodine in strong 
hydrochloric acid only slowly and incompletely. In such 
cases dilution favors further action of the iodine, but results 
obtained by titration with iodine in the acid solution diluted 
with an equal amount of water are unmodified by further 
dilution. 

In the following tables are recorded actual determinations 
of arsenic according to Williamson's process. To each 25 
cm^ of the arseniate were added 1, 2, or 3 grms. of potassium 
iodide and 26 cm^ hydrochloric acid, sp. gr. 1.16. The iodine 
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-was bleached l^ nearly decinonnal thiosulphate vithoat 
addition of the starch indicator, which loses all dehcacy in 
the presence of stiong acid. The time occupied by each 
titration was about five minuteB. The stajidatds of the 
arseniate weie detennined by the vaporization process," the 
purity of reagents employed in that process having been 
proved by trying the process in the estimation of a solution 
of arsenic acid made by oxidizing pure decinoimal arsenious 
acid by iodine. 







Volume M 


V<a<aa» 


H^KAjO, 






HOL 


KL 


(MnUoo. 


•Bdef 


In 
tomuof 
H.O.Artl. 


^isiir 


Bmr. 


om> 


gra. 


cm*. 


etf. 


(TB. 


gim. 


gim. 


26* 




60 


51 


0.0062 


0,0086 


0.0O2&f 


25 




50 


52 


0.0126 


0.0166 


0.0031+ 


25 




50 


55 


0.0312 


0.0360 




25 




60 


66 


0.062* 


0.066e 




25 




60 


73 


0.1560 


0.1688 




26 




60 


78 


0.1558 


0.1687 




25 




60 


78 


0.1569 


01691 




2S 




60 


78 


0.1659 


0.16M 




S6 




60 


78 


0.1669 


01695 




2S 




50 


78 


0.1668 


01681 




26 




60 


78 


0.1669 


0.1681 




26 




60 


78 


01660 


0.1688 





The range of error in these results is from H 
to + 0.0042 grm. with a mean of + 0.0031 gn 
different from what might be expected from iht 
interaction of the strong hydrochloric acid ai 
alone. The counter-effect due to the decompc 
thiosulphate is not large, yet it is probably real, 
in the sequel. In the following series of d 
made with new solutions and new standards tfa 
arsenic acid was determined, first, by titrating ' 
free by 26 cm* of hydrochloric acid, sp. gr. 1.16 
potassium iodide, the solution having a total vob 
at beginning and of 75 cm' at the end of ■ 
secondly, the arsenious acid produced in the 
was titrated, after being neutralized with acid [ 
bonate by iodine in the presence of the starch i 
* Qooch uid Browning, loc. dt. 
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taken, in 

tennBof 

H,0»A«0. 


found by the 


Srror. 


HaOaAftO 

found by 

titratioa of 

H«0,Aswith 

iodine. 


Bnnor. 


gnu. 
0.1767 
0.1767 
0.1767 
0.1767 
0.1767 
0.1767 


gnn. 
0.1798 
0.1798 
0.1796 
0.1798 
0.1794 
0.1798 


gnn. 
0.0031+ 
0.0081+ 
0.0028+ 
0.0026+ 
0.0027+ 
0.0031+ 


gnn. 
0.1776 
0.1777 
0.1786 
0.1785 
0.1780 
0.1785 


gnn. 
0.0009+ 
0.0010+ 
0.0018+ 
0.0018+ 
0.0013+ 
0.0018+ 



The average error of the first operation is 0.0029 grm., not 
far from that of the previous series ; the error of the second 
operation, the titration of the arsenious acid, amounts on the 
average to 0.0014 grm. In the second operation the error 
due to over-use of the thiosulphate by iodine set free outside 
the main reaction is obviously eliminated. The tetrathionate 
present after neutralization with acid potassium carbonate is 
unaffected by iodine, as we have f oimd by titrating 25 cm* ^ 
iodine mixed with 25 cm* hydrochloric acid, sp. gr. 1.16, by 
the thiosulphate, neutralizing with acid potassium carbonate,* 
adding starch and getting the starch blue with a single drop 
of ^ iodine. The average error of this process, therefore, 
0.0014, is probably due to the products of decomposition of 
the thiosulphate in the first operation. 

From the foregoing experiments it is clear that an arbitraiy 
correction of about 0.0080 grm. must be deducted from the 
indications of Williamson's process of direct titration by 
thiosulphate, made with the greatest care under the conditions 
mentioned ; and that a correction varying from one-half that 
amount (0.0015 grm.) to nothing (according to the amount 
of arsenious acid present) when the determination is made 
by iodine after neutralization with acid potassium carbonate. 

* It is worthy of note, that, as we have found hj experience, it is not 
possible to substitute an alkaline hydroxide for the carbonate in the early 
stages of the process of neutralization, on account of the decomposing effect 
of the former reagent upon the tetrathionate. This effect is in proportion to 
the heating of the solution, but is nerer wholly absent eren when ice is 
intermixed inth the liquid and the greatest care taken to prerent a rise of 
temperature. 
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, .^^ *^ ^e miivi^xxBl ^r^.^^^ ^ the results of the 
m ^^^^^'^i^^ "^^^"^tions faU within reason- 



piecetoig^ 



hr^ 



ableto^ -^0^^^ \1 J^?^^^^tion process, in which 

on ^e otJ^ reduced by Vx>Ui^g ^th s^phuric acid and 

fl,e arsetiM.^^^ ^ t^e maniiex described,* gives indications 

^tas^xim """^^^^^ ^d WiCTirate without the appUcation of 

teasoMtoVy ^^^^^ction, Tbis process, moreover, may be 

aa «^^^^?^ .je^t^^*^^ ^^ volume at which heating begins 

dioTteuea oy^^jj^ xieed not be extended beyond five or six 

ao tJaftt ^^^^^jtdil^g to this slight modification, the solution 

^"^^^^Tfienia^ is beated in an Erienmeyer flask with potas- 

oi ^^^. -^j^Q to 8J1 amount about 0.5 gnn. in excess of the 

^^^*^^ theoieti^^y required and 10 cm* of sulphuric acid 

^^°^^ \i strength in a total volume of between 60 cm* and 

\ The liquid is boiled till the iodine vapors are no 

visible in the flask above the liquid, the iodine color 

Sie still hot liquid is bleached by the cautious addition of 

"*1 hurous acid, the whole is diluted with cold water, and 

led quickly. The solution is nearly neutralized with 

tassium hydroxide and the neutralization is completed with 

•d potassium carbonate. The reduced acid is titrated with 

•odine after adding the starch indicator. By this procedure 

the results of the following table were obtained. 



75 cm 
longer 



8 



in 




HsO,AbO 



grm. 
0.1660 
0.1660 
0.1660 
0.1660 
0.2406 
0.2667 
0.3110 
0.8110 
0.8110 
0.8110 
0.8110 
0.3110 
0.8110 



foond. 



gnn. 
0.1660 
0.1660 
0.1660 
0.1660 
0.2490 
0.2449 
0.8117 
0.3120 
0.8124 
0.8182 
0.3121 
0.8116 
0.3124 



Bnor. 



gnnu 
0.0000 
0.0001+ 
0.0000 
0.0000 
0.0004+ 
0.0008- 
0.0002- 
0.0001+ 
0.0006+ 
0.001^4- 
0.0002+ 
0.0004- 
0.0006+ 
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XLIV 

ON THE QUALITATIVE SEPARATION OF NICKEL 
FROM COBALT BY THE ACTION OF AMMO- 
NIUM HYDROXIDE ON THE FERRICYANIDES. 

Bt PHILIP E. BROWNING and JOHN B. HABTWELL * 

Some years ago F. W. Clarke f suggested a method for the 
separation of nickel from cobalt depending upon the solvent 
action of ammonium hydroxide upon the precipitated ferri- 
cyanides. The method may best be described by quoting 
from the original article: **To the slightly acid solution 
containing the two metals, I first add an excess of ammonium 
chloride. This causes the cobalt precipitate, which otherwise 
would run through the filter, to fall in a denser state, and 
also of a much darker color, often nearly black. I then add 
the potassium ferricyanide until the precipitation is complete, 
and afterwards agitate strongly with a considerable excess of 
ammonia. Upon filtering, all the cobalt remains upon the 
filter, being recognized by the characteristic color of the 
precipitate, and the nickel is readily detected in the filtrate, 
by means of ammonium sulphide. If, upon filtering, the 
portion at first running through is turbid, it may be disre- 
garded, or returned to the filter, that which filters through 
subsequently being almost invariably clear." 

In making a study of this method we found two serious 
objections; first, the practical impossibility of obtaining a 
good filtration from the cobalt ferricyanide, even in the pres- 
ence of the ammoniimi chloride, and, second, the large amount 
of sulphur thrown down when ammonium sulphide was 

* From Am. Jonr. ScL, z, 816. 
t Am. Jour. Sci., xlyiii, 07. 
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added to the filtrate coataining the nickel with the excess 
of ferricyanide. 

Our first attempt was to Becure, if possible, a complete 
eepatation of the precipitated cobalt femcyamde and the 
disaolved nickel by filtration. This we were able to accom- 
plish by the addition of a ranall amount of a solution of an 
aluminom salt to the original solution which held beck the 
cobalt, and, as experiment showed, allowed the complete 
solvent action of the ammonium hydroxide npon the nickel 
salt Amounts of nickel as small as 0.0001 gim. were 
detected, when mixed with the aluminum salt, by precipi- 
tating as ferricyanide, extracting with ammonium hy' — *^- 
and testing in the manner to be described. 

On turning onr attention to a possible improvemei 
method for the detection of the nickel, a reaction : 
cussed by Allen * was applied. When the ammoniacal 
of the nickel ferricyanide was treated with strong b( 
potassium hydroxide solution, in the presence of ai 
of potassium ferricyanide, a black flocky precipitate 
which gave no test for ferro- or ferricyanide, and ga^ 
indication of being nickelic hydroxide. This reac 
found to afford us a most dehcate test for nickel. 

The method as modified by us may be described as 
Dissolve not more than 0.1 grm. of the salte of the 
mente in about 5 cm' of water, add a few drops of a e 
solution of alum, destroy any free mineral acid by e 
ing with anunonium hydroxide, and make fainUy ai 
acetic acid. To this solution add about 0.5 grm. of pi 
ferricyanide and agitete to effect the solution of t 
cyanide and the complete precipitation of the nickel at 
salts. Then add about 6 cm' of strong ammonium h; 
and filter. To the filtrate, which should have no 
color, add a piece of sodium or potassium hydroxic 
the size of a pea and boil. The appearance of a U 
cipitate, showing first as a dark coloration in case 
small amounts, indicates nickel. 

* Cbem. Hewi, zxxiii, iUN). 
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The tables following give a record of the experintental 
results. With the precautions indicated, this method may 
be applied -very satis&ctorily. 





OoSO,TB^ 


fss 




iVrtA 


tMwL 




K>p. 


KllOttOO. 


HiOBulld. 


B«alt 




gra. 


gm. 


gnH 


rra. 


eaf 






(1) 




0.0100 


2 


0.6 


6 


Abontiize 
crf.pM. 


HeftTjppt 






0.0060 




0J> 


6 




HMiTyppt 






0.0010 


2 


0.6 


6 




H»T7ppt 


(4) 




o.ooca 


2 


0.6 


6 




DutiDCt. 






0.0001 


3 


0.6 


6 




PLun. 


1 


(1) 


0.10 




2 


a6 


6 


AboDtiin 


None. 


(2) 


0.10 


0.0100 




0.6 


6 




HeaTj. 


(8) 


0.10 


0.0050 




0.6 


6 




DUtiDcL 


i* 


0.10 


0.0030 




0.6 


6 




Ver7fciiit 


(6 


0.06 






0.6 


6 




None. 


^ 


0.06 


o!o'i6o 




0.6 


6 




He«Ty. 


h 


0.06 


0.0060 




0.6 


6 


" 


Diidnct 



I 
\ 

\\ 
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THE ^OIAT^^^^^C estimation OF COPPER AS 
,j^^^ Q^^^MiATE, WITH SEPARATION FROM 
CADMIUM* ARSENIC, TIN, IRON, AND ZINC- 

Bt CHAKLES a. PBTEB&* 

It is a ^well known fact that copper oxalate is insoluble in 
water and. scarcely attacked by moderate amounts of dilute 
nitric acid.t Upon this fact Bomemannf has recently 
based a method for the separation of copper from cadmium 
by precipitating copper as the oxalate in the presence of 
nitric acid, filtering hot, and estimating the copper after 
ignition, by any of the weU known gravimetric methods. Six 
to ten grams of copper, as the oxide, were used for a single 
deteimin.ation, and the errors were large. Bomemann does 
not recommend this process as an accurate analytical method. 
Classen § describes a method for the separation of metals as 
oxalates by adding to the solution of the salt of the metals 
a dilute solution of the potassium oxalate (1 : 6) and con- 
centrated acetic acid to 80 per cent of the total volume. 
Regarding copper salts in particular, Classen states that 
precipitation takes place only in dilute solution and then not 
completely. 

It has been the experience of the writer, that the precipi- 
tation of copper oxalate from solutions containing at least 
0.0128 grm. of the oxide and saturated with the oxalic acid is 
practically complete. The filtrate in such cases gives no 
blue color with ammonia, looking down on a column of liquid 

• From Am. Jour. Sci., z, 359. 

t Storer, Dictionaiy of Chemical Solubilides, p. 468. 

X Chem. Ztg., zziii, 6S6. ( Ber. Dtsch. chom. Qee., z, h^ 181S. 



,,„ v<^ ^ Estimation of copper. 

m «. ^Vti^.^^tfi ia nev,?,^^ *^' ''"™ *"'^'"' "* ^e™^Pe* 

^Ven ^ ^ - fib P<itasai ^^^®^' ""^ ^^^ ^'^ **'®'''' "*^ 

wAtoW^^ ^^obowtt!.:^* feiTocjanida It is the object of 

tto ?&?e^ ^ ^titati7 1 ^°de™t« amoimtB of copper may be 

detenmnei tiU*^'* -Zl • ** ^^ oxalate by precipitation with 

oxalic aciA aO^ titraUon of the precipitate by potassium 

pexioaTigaiiate, &tid "So to show that moderate amounts of 

copper may be separated from other metals in the presence 

of mtrio acid, by the addition of considerate amounts of 

oxalic acid. 

Before attempting the quantitatiye separation of copper 
from solution by the addition of oxalic acid a few qualitative 
expenments upon the precipitation of varying amotmts of 
copper sulphate by varying amounts of oxalic acid were tried 
at different dilutions. In all the experiments the mixtures 
stood 16-20 hours, and were filtered from 2 to 4 times 
through four filters folded together, and the filtrates were 
tested both with ammonia and with potassium ferrocyanide. 
In cases where the filtrate gave no blue color with ammonia 



bp. 


WBot 


wUiiirH.oB. 


i^T 


"l^H. 


i^^ 


2.0 gnu. 
oialEc 
acid 
pwaent 
1.0 grm. 
oxalic 
acid 
present 

0.6 gnu. 

onlic 

acid 

pretent 


0.018 
0.0S1 
0.061 
0.0M 
0.018 
0.031 
0.061 
0.0M 
0.OM 
0.018 
0.031 
0.051 
0.064 
0.0D4 


Blue color. 
Trace " 

BlueraW. 
Bine color. 
Trace " 

' Blue color. 
Blue color. 
Trace " 


AbDDdant ppt 
Abundant ppt. 
Erident ppt 
Trace ppt 

ETident ppt 

AbDndant ppt 
AbuDdaDt ppt 
Abundant ppt. 


Blue odor, 
ftace " 

' Blo^ color. 
Trace " 

' Blue color. 
Trace " 


Erident f^ 
Trace ppt 

Erident ppt 
Erident ppt 
Erident ppt 
Tiaceppt 
Abandant ppt. 
AbDndant ppt 
Erident ppt 



/^'^^Sro 



'"'' .z«:H 



^#^l?f«-ii 



ESTrifATION OP COPPER. 



gV'v^t^ ^*^ipitata with ferrocyanide Uie precipita- 

** ot»^* ^ ""l praoticaUy complete and the conditions 

4m ^»w^ >ute.ble lor the trial of the method qnantita. 

'"°' "®r ^0 ""■wing tabic is leooided the work npon the 

■'■tt^x^ "* ""PP^T sulphate by 0.5 gm., 1.0 Km., and 2.0 

^"^rft^ ^ 60 cm'ot .olntfon. 

^^i. -win. \« 80®^ readily by compariBon of the right and left 

A«nd sides oi *^® ^^ble above that somewhat smaller amounts 

of coppex m»y ^ precipitated completely by the addition of 

crrstallized oi*^*^ ^''id than by the same amount of oxalic 

acid already in solution. Thus, when dissolved oxalic acid 

ia added, to the solution of 50 cm', amounts of copper sulphate 

less than 0.040-0.060 grm. are not precipitated completely, 

while under conditions otherwise the same excepting that the 

oxalic acid is added in ciystalline form, the precipitation of 

amounts as small as 0.030 grm. ia practically complete. The 

amount of oxalic acid in solution necessarr for t^e complete 



1 


CnO 
OoSO,. 


OuUa 

odd 


¥ 


Tlltnta CnaUd wtth 
irH,OH. 


mtntctnated 


gun. 
0.0S1 
0.031 
0.031 
0.081 
0.081 
0.0128 
0.0064 


0.6 
1.0 
2.0 
3.0 
3.6 
60 
6.0 


60 
60 
GO 
50 
50 
SO 
60 


Blue color. 
Blue color. 
Tnce blue cotor. 
Slight true bine cdor. 


Abundant ppt. 
Abundant ppt. 
Abundant ppt. 
Abundant ppt. 
ETJdent ppL 
Tr«e ppt. 
AbandiDt ppt. 


No blue. 
Blue color. 


1 


0.0064 
0.0064 
0.0064 
0.0064 
0.0003 
0.0003 


0.6 
05 
05 
0.6 
0.6 
0.1 


20 

16 

ID 
6 
B» 
It 


Faint Woe. 
Faiot blae. 
Faint blue. 


Abundant ppt. | 
Abundant i 
Faint ppl. 
Tr»ceppt 









• Precipitate lediHolTed. 



t Fredpitatc remained. 
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precipitation (after 16 to 20 hours) of this Tninimnm amount 
of copper, 0.081 gnn. of copper oxide taken as the sulphatSt 
appears, as shown in Table II, A, which precedes, to be about 
8.5 grm. in 50.0 cm^ If the amount of oxalic acid is in- 
creased to 5 grm., making the solution saturated for that 
substance, using the same volume of liquid, the minimum 
amount completely precipitable is reduced to 0.0128 gnn. but 
not to one-half that amount. 

It appears from the experiments of Table 11, B, that the 
volume of liquid in which precipitation takes place influences 
the complete precipitation of the copper oxalate. Thus the 
precipitation of 0.0064 grm. of copper oxide taken as the 
sulphate by 0.5 grm. of oxalic acid is complete in 5 cm^ of 
liquid. The precipitate which fciUs from 0.0008 grm. of the 
oxide taken as the sulphate dissolves in 6 cm^ of liquid, but 
remains visible in 1 cm*. 

As a result of the preliminary experiments, it may be said 
that the presence of a certain minimum amount of copper, 
varjring with the conditions, is essential to complete precipi- 
tation. Thus, at a dilution of 50 cm' a saturated solution of 
oxalic acid will precipitate with practical completeness copper 
taken as the sulphate in amounts exceeding the equivalent 
of 0.0128 grm. of copper oxide; 2.0 grm. of oxalic acid 
will precipitate almost completely for the same volume of 
solution the equivalent of 0.08 grm. of copper oxide; and 
1.0 grm. or 0.5 grm. of oxalic acid wiU precipitate the equivar- 
lent of 0.064 grm. of the oxide. 

In the quantitative separation of copper as the oxalate 
the method of treatment was in general as follows. Copper 
sulphate m 50 cm' of water was thrown down by the addition 
of dry oxalic acid to the hot solution, and, after standing 
over night, the precipitate was filtered on asbestos and washed 
two or three times with small amounts of cold water. The 
precipitate, still in the crucible, was returned to the beaker 
in which precipitation took place, 5 or 10 cm' of dilute sul- 
phuric acid (1 : 1) were then added together with a convenient 
amount of water, and, after heating tiie liquid to boiling, the 
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oxalic acid was titrated with pennanganate, the oxalate of 
copper dissolving readily as fast as the excess of oxalic acid 
is removed by the permanganate. The precipitate may also 
be dissolved in 10 cm* of strong hydrochloric acid,* and, after 
adding 0.5 gim. manganous chloride, titrated at 30°-50°. 
Experiments (4) and (5) were conducted after this manner. 
In Table III, A, which follows, are recorded results of the 
quantitative tests of the method. 

TABLE m. 



0.0372 1 


0.15 


100 


0.0286 


o.i8eo ' 


O.fi0 


126 


0,1831 


0.0398 


0.60 


GO 


0.0370 


o.isao 


1.0 


IGO 


0.1834 



In experiments (l)-(4), deficiencies are found in tiie 
amounts of oxalate precipitated at different degrees of dilution 
and by different amounts of the precipitant which are in 
agreement with the results obtained in the preliminaiy work ; 
the results of experiments (5)-(d), in which 0.5 grm. and 1.0 
gnn. of oxalic acid act in a total volume of 50 cm', show 
the precipitation to be essentially complete under these 
conditions. 

To study the insolubility of the copper oxalate in nitric 
acid the experiments in Section B of the table were made. 

In experiments (10)-(18) amounte of oxalic acid varying 
from 0.5 grm. to 3.0 gnn. appear to precipitate the copper 
completely in the presence of 5 cm* of strong nitric acid. In 
experiment (14) the amount of oxaho acid used was not saSt- 

• Gooch and Peters, Am. Jour. Sci., vii, 401. Thii volume, p. 222. 
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cient to throw down all the copper in the presence of 1 cm' 
of nitric acid, but the copper does come down completely in 
the presence of the lai^ amount of t^e nitric acid upon the 
addition of more oxalic acid, as seen in experiments (15} and 
(16). In experiments (17) and (18) with a laiger volome of 
water and a larger absolute amount, though approximately 
the same percentage, of nitric acid present as in experiments 
(lO)-(lS), there is a slight loss of copper; but in experiments 
(21) and (22) when the amount of nitric acid is reduced to 
6 cm^ in the larger total volume the results are normal. 
Experiments (19) and (20) show the increased loss when still 
laiger amounts of nitric are present. These facts would make 
it seem best to limit the absolute amount of nitric in solution 
to about 5 cm^ 

TABLE in (wnliaMd). 



One observation may well be noted here : namely, that while 
one-half gram oxalic acid is all that is needed for the complete 

• About 9 grm. of Mnmonivm nitrate preient in addition to the 6 cm' of 
nitric acid. 



.TBI" ^''^^^r.,^ 

J o* Mi oxaic acii in_ t"«8eiiee of 5 cm' strong 
pwjitom ^ sotoaoK Cr*y be added up to the point 

■'°l°°1;„l '^ r«h»t a taga ^ "* than tU. eanses difficulty 
.l^ttnaUOtt ^t » J^ amount of ™ter U neoessarr (i 

■"^^^^f^^tua^Jt^"- About 2.0 gm. of o^cLd 
'* *'.*7^»*** ms T"^*"* ptoportiol 

1„ 6xp«i»f^ ajomomum hyaioiide before adding Uie 6 cm* 
m"*"^™. ^ ^id ™ Mcess. The resulte show the solubiUty 
^^^ ^ 0x0^^ ^ ammonium nitrate and exclude the 
„{ oopvet 5, a procedure in this work. 

josBibVlilJ oi B" 

TABLE m leonfinucd). 



^ 


CoO 


^5 


Vohim. 


SI 


bror. 


IM.11* 


-^ " 1 


(Ml 
(Ml 
(26) 
<M| 


gm. 
0.1990 
0.3030 
0.1990 
0.1990 


gm. 
^0 

1.0 
1.0 




60 
GO 
60 
60 


gm. 
0;1984 
0.2026 
ai900 
0.1987 


O.OD0S- 
0.0005- 
0.0000 
0.000^ 


( Entered liot 

J Filtered bot 
1 immediatelj. 
( Filtered after 
? cooling; itood 
( 15 minutes. 
Filtered after 
cooling; itood 
16 minqte*. 


1 


(271 

(28) 
29) 
(SOI 


01990 

0.1990 

0.1990 
01990 


2.0 

2^ 
2.0 


6.0 

5.0 
5.0 
6.0 


66 

66 

66 
66 


0.1043 

0.1960 
0.1973 
0.1989 


00047- 

0.0021- 
0.0017- 
0,0001- 


( Filtered after 
^cooliDg; Itood 
{ 16 minutei. 

Stood 2ihoiin. 

Stood 6 hotin. 

Stood 16 boon. 



Some expeiimenta were made to show the time n 
lor the complete precipitation, both in the presence and 
of nitric acid. Above is the record of such work. 

The reBulta in section D would seem to show that a 
contMning copper may be precipitated hot as the oia 
filtered either hot or after cooling with a very slig 
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Tests of the filtrates made with potassium ferrocyanide con* 
finned these results. When nitric acid is present, however, 
the mixture must stand after the addition of the precipitant. 
In section E the gradual decrease of the minus error is noticed, 
as the time of standing is extended, the precipitation being 
practically complete upon standing over night 

Separation from Cadmium. 
Bomemann* has used nitric acid for a rough separation of 
copper from cadmium. This method was tried for a quantita- 
tive separation in the presence of 6-10 per cent strong nitric 
acid. The results are found in section F of the table to follow. 
Experiments (38}-(35) stood six hours before filtering. Ex- 
periments (36) and (37) stood over night. Copper is separated 
from more than twice its weight of cadmium, and the results 
are accurate. 

TABLE in (eonti'mwA. 



Eip. 


^" 


tromwhloh 


'Sir© 


JS3-, 


OdO ,, . 






ii\f\ 


m 


Wr' 










rK 






MOdBO^ 


^mt} 


m 




fim. 


pm. 


J^ 


"«S,' 


"!PF"^ 


" 


(38) 


0.1990 


0.10 


2.0 


fiO 


ao 


0.196S 


0.0007- 




0.1990 


0.20 


i(l 


6.0 


66 


0.1987 


0.0003- 


(86) 


0.1990 


0.30 


2.0 


6.0 


TO 


0.1887 


0.0003- 




0.1990 


0.40 


2.0 


6.0 




0.1904 




(87) 


0.1990 


0.60 


2.0 


6.0 


80 


0.1996 


O.000ftf 




i^i^ 


1 


(B8) 


0.1090 


0.10 


2J> 




66 


0.1991 














eo 


0.1987 


0.0008- 


40) 










76 


0.1966 


0.0004- 














0.1994 


0.0004-f- 












76 


0.1002 


0.0002+ 


43) 


aiwo 


0.60 


2.0 


6.0 


86 


0.1996 


0.0006-t- 




ift'ftr 


1 




0.1990 


aio 










(46) 


0.1990 




2.0 








(46) 


0.1M0 


0.10 


2.0 6.0 














2.0 6.0 














2.0 6.0 


86 






m 






8.0 6.0 


86 


0.202fl 0-OOtM- 1 
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TABLE m ieoMinMd). 



Xi^ 


*O^T 


^^^ 


■S- <5Mj;- 


■ssr 


t^i^ 


Xmr. 


■I" 








1 








im. 


gm. 


gnu. 




cm' 


CM' 


arm. 


gnu. 


(60) 




0.0408 


2.0 










(61) 






2.0 










<61a) 






2.0 


6.0 








(62) 






2.0 


6ja 








(6S) 




0.1878 




6.0 








(M) 






2.0 


6.0 


70 


0.1014 












6.0 


76 


0.1B8S 


OOBOfrf 




sss 


1 


(66 


0.1690 


0.10 


2.0 


6.0 


66 


0.16BI 


0.0009- 




0.1690 


0.10 


2.0 




66 


0.1666 


0.0026- 


{« 


ai69a 


0.20 


2.0 


6.0 


66 


0.1677 


0X1013- 


(69 


01690 


0.60 


2.0 


6.0 


60 


0.1662 


0.0028- 




ssssr 


ifi^ 


L. 


C.0,^ 




(BO) 


0.1990 


0.186 


2.0 


6.0 


eo 


0.1067 


0.000»- 


(61) 


0.1090 


0.272 


2.0 


6.0 


60 


O108S 


0.0007- 


(62) 


ai9oo 


a864 


2.0 


6.0 


60 


0.1988 


0.0002- 




0.1990 














(64) 


0.1090 


0.272 


20 




60 


0.1906 


0,0006f 




0.1900 






2.0 


eo 






m 


0.1990 


0.218 




2.0 


66 


0.1909 


OJMOftf 








1 








(67) 


ai990 


0.028 


2.0 


fifl 


60 


0.2007 






0.1990 


0.067 


2.0 


6.0 


06 


0.2006 






0.1990 


0.067 








0.2008 




(70) 




0,066 










0.0046+ 



Separation from Arsenic, in Both Conditions of Oxidation. 

For the aeparatiou of arsenic, arsenioua oxide dissolved in 
Bodium carbonate, and di-hydrogen sodium arseniate were the 
fonna of arsenic nsed. The results are accnmte and are given 
in sections G and H of the table. In experiments (38)-(40) 
and (44)-(46) no nitric acid was added. While the presence 
of the nitric acid is not necessaiy for the separation of the 
copper from the arsenic, still the filtration in the absence of 
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the nitric acid is so slow as to be objectionable. The presence 
of the nitric acid causes the precipitate to come down in a 
coarser condition, and in such condition it filters easily and is 
capable of being washed quickly^ 

Separation from Tin, in Both Conditions of Oxidation. 

For the separation of copper from tin a preparation of 
stannous chloride (20 cm' giving 0.8746 grm. metallic tin fay 
the battery) containing sufficient hydrochloric acid to prevent 
deposition of oxy-salts was used. The solution of stannic 
chloride contained 1.0 grm. metallic tin to every 10 cm^ and 
was used without hydrochloric acid. The results of the work 
are found in sections I and K of the table. The experiments 
go to show that while copper may be separated from small 
amounts of tin as stannous chloride yet there is a limit to the 
amount of tin which may be present. One-tenth of a gram of 
metallic tin is the largest amoimt that can be present, with 
0.16 gm. copper oxide taken as the sulphate, without significant 
error. Practically the same statement can be made of the 
separation of copper from tin taken as stannic chloride. 
Experiment (57) shows a greater loss of copper when the 
nitric acid is omitted. 

Separation of Copper from Iron. 

A solution of ferric nitrate was used for the work on the 
separation of copper from iron. Low results were obtained 
when a solution of ferrous or ferric sulphate was used as the 
source of iron. The results of the experiments are recorded 
in section L of the table, and show that 0.20 grm. copper oxide 
as the sulphate may be separated from 0.2-0.8 grm. iron oxide 
taken as the nitrate. In experiment (64) a good result was 
obtained when no nitric acid was present, save that added in 
combination with the iron. A comparison of experiments 
(68) and (65) shows that it is best to avoid the use of large 
amounts of nitric acid when the larger amounts of fenio 
nitrate are present. 
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^ . ^^ applicaUoxx of i-v ^ 

^^^^ ^^^^r^rA ouxoivr^i. ® **^^® separation of copper 

Fotft? ^^^^-^oaated a^ ;u^^ ^* finely ground chalcopyrite 

{loinvio^ ^^^ ariveu off J^^^^^ "^ * porcelain crucible untU 

(0.6 g^'^ ^^ ^8 ^oo '/iT^^^ i°to a beaker, strong nitric 

acid, *«^^ «^^^^!r -7^ ""^ ^ 1^^* P^te, nearly to dryness, 
^""^^^xxx^X/^ ^ ^ ^^ ^d^d' *^® «>l^tion was filtered, 
j^^tt^e^ ^^^^^ ^T? '^^ ^^^^ containing dilute nitric 
tlxe ^^^^"^gyt^r^^^ ^r^^* , SO cin3 in volume, was precipitated 
^^^ ^o cct<^* ^^ ^^^ ^^^ *^® precipitate was estimated 
^^ kfi^^^ ^^^^ ^onrs, as previously described. The 
«*^^ .^ ^tJi ^**^^ acidified with nitric acid is important, 
^ff^i^^^^^ the fi^^^y ground ferric oxide remaining undissolved 
^^^^^^tbioug^ *® ^^^ ^^®J^ washed with water alone, but 
passes ^^ trouble if the water be acidic. The results of two 
S^tions are here given. 

Cl-lcopyrlto. ^I^CSS??* SSSSSSSiSf w««~* 



% % % 

0.5000 31.00 30.92 0.08- 

1.0000 31.00 31.26 0^6+ 

Separation of Copper from Zinc. 

The separation of copper from zinc was not altogether 
successful owing to the tendency of the zinc oxalate to come 
down with the copper oxalate. Some experiments are given 
in section M of the table. 

The separations of copper from bismuth and antimony were 

unsuccessful. 

The work may be briefly summarized as follows : Copper 
exceeding in amount the equivalent of 0.0128 grm. of the 
oxide to 50 cm' of solution as the sulphate may be separated 
completely, even in the presence of a moderate amount of 
strong nitric acid, by the addition of sufficient amount of 

oxalic acid. 

Copper may be separated from cadmium, arsenic, iron, and 
small amounts of tin, when precipitated by oxalic acid in 
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a volrune of 60 cm^ containing 5 cm^ strong nitric acid. 
Inasmuch as the completeness of precipitation of the copper 
depends upon the presence of a certain minimum amount 
of the copper salt this method is not applicable when the 
amount of copper falls below 0.0128 grm. of the oxide to 50 
cm^ of solution. 





,-jjOCYAKir>ES OF COPPER AND SIL- 
TfiB ^^.^^ ^ GRAVIMETRIC ANALYSIS. 

^^ ^ Q. VAN NAME.* 

Ouprou9 Sulphocyanide. 

as 1^ attentioxi was drawn by Rivotf to the 

AB ^.r^ q{ estiinatiiig copper gravimetrically by weighing 

P^®^ T^ sulp^^y®^^®* »J^<1 to the advantages which the 

^^ ^ ^ affoxdei in separating copper from other metals. 

^t^ procedure consisted in dissolving the substance to 

vl analvzed iu hydrochloric acid, reducmg copper with hypo- 

h sohorous or sulphurous acid, and precipitating with pota&- 

^" m sulphocyanide. The precipitate dried at a moderate 

temperature was weighed as cuprous sulphocyanide and then 

as a control converted by ignition with sulphur into cuprous 

sulphide and weighed in that condition. 

In his well known work upon quantitative analysis Fre- 
aenius in one place J denies the practicability of the direct 
weighing of copper as cuprous sulphocyanide on account of 
the tendency of the latter to hold water even when heated to 
the temperature of incipient decomposition. As authority 
for this statement he cites Claus,§ who found 8 per cent of 
water in the precipitate after drying at 116°, and Meitzendorff, 
who gave the percentage of water under the same conditions 

On a later page of the same volume, || however, Fresenius, 
after a trial of the process which gave 99.66 per cent of the 

• From Am. Jour. Sci,, x, 461. t Compt. rend., xxxvlii, 868. 

1 Quant AnsL, 6. Aull., i, 187. § L. GmeUn, Handbuch, ir, 472. 

^ II Quant. Anal, 0. Aufl., i, 836. 
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theory for copper, concludes that the method is practicable 
although apt to give low results, particularly in the presence 
of free acid. 

The process was again recommended in 1878 by Busse,* 
who had employed it for the estimation of copper, both 
alone and in the presence of iron, nickel, zinc, and arsenic, 
obtaining results very near the theory and plainly comparable 
with the figures obtained by afterwards igniting the cuprous 
sulphocyanide with sulphur in hydrogen. 

In spite of the evident advantages for certain purposes of 
Rivot's method over other modes of determining copper, it 
has never come into general use. The chief reason for this 
has apparentiy been the difficulty and inaccuracy attendant 
upon the weighing of the precipitate upon dried paper 
filters, a process which can hardly be depended upon unless 
managed with extreme care. 

In the experiments to be described this difficulty was 
avoided by performing the filtering and weighing upon asbes- 
tos in a perforated platinum crucible. The method of con- 
ducting a determination was as follows : A suitable quantity 
of a standard copper sulphate solution was run from a burette, 
diluted to a convenient volume, a few cubic centimeters of a 
saturated solution of ammonium bisulphite added, and the 
copper precipitated by an excess of ammonium sulphocyanide. 
The precipitate was allowed to settie, collected upon asbestos 
in a weighed crucible, washed with cold water, and dried at 
110° until no further loss of weight took place. 

In Table I are given the results of a number of determi- 
nations made in this way. The copper sulphate solution 
was made up exactly decinormal and the standard confirmed 
electrolytically. As the ammonium sulphocyanide solution 
was slightly above decinormal, 18 cm' represent a small excess 
(about one cubic centimeter) above the amount theoretically 
required to precipitate 25 cm' of the copper sulphate solution. 
The ammonium bisulphite, which had been recentiy prepared 
by saturating aqueous ammonia with sulphur dioxide, was 

* Zeitschr. anal. Chem., zrii, 63. 
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always used in Bafficient quantity to give the liquid a strong 
and peimanent odor of the latter. 



26 cm* of J CnSO, 










, e.perim,nt 








bp. 


H.BO, 


HllH.aO, 


irH.BCN 


FInl 


TliHiof 


On 






■tML 


T' 


nlOBM. 


rtudbig 




«»». 




cm* 


onH 


eii» 


cnf 


m. 


fRB. 


gnn. 


(1) 


None. 


6 


18 


68 


\ 


0.0706 


0.0000 


(3) 


Hone. 


8 


18 


66 


48* 


0.0798 


0.000^- 




HoDe. 


8 


26 


78 


\ 


0.07JW 


0.0001+ 


(4) 


Hon*. 


8 


86 


7B 


vr 


0.0708 


0.0001+ 




1.6 


10 


13 


86 


12 


0.0782 


0.0003- 




1.6 


8 


18 


106 


48 


0.0786 


0.0010- 


(7) 


1.6 


8 


36 


86 


4 


0.0-BS 


0.0012- 


(8) 


1.6 


6 


26 


86 


21 


0.0796 


0.0000 


(0) 


6 


6 


26 


B6 


8 


O.07B7 


0.0OOJ+- 


(iO) 


16 


10 


26 


116 


31 


O.0TQ3 


00002- 


(11) 


HCI 


S 


36 


100 


30 


0.0706 


0.0000 


10 


(12) 


26 


10 


26 


100 


28 


0II784 


OOOll- 



When there ia no free acid present the time of standing 
before filtration and the amount of the excess of ammonium 
sulphccyanide are practically without effect, as experiments 
O) to (4) of the table show. 

Experiments (5) to (10) were carried out in the presence of 
various amounts of free sulphuric acid up to 12 per cent of 
the total volume of liquid. The acid, at least within this 
limit, does not exert a sufBcient solvent effect upon the cuprous 
sulphocyanide to interfere materially with the accuracy of the 
process, but it retards the precipitation, making it necessary to 
increase the time of standing before filtering in proportion to 
the amount of acid present. In several of these determina- 
tions the precipitation was visibly incomplete even after sev- 
eral hours' standing. This effect of the acid, however, hardly 
ehows in the results of the toble because the standing was 
always prolonged until the copper appeared to be all down 
before fi/tering-. 



862 SULPHOCYANIDES OF COPPER AND SILVER 

The low result of Experiment (7) was probably due chiefly 
to incomplete precipitation, although (9) shows that even widi 
a much larger amount of acid precipitation may be complete 
within three hours. In general, however, it is safer to allow 
ample time (twelve hours or more) for the precipitation when 
there is much free acid present. 

Comparison of Experiments (5) and (6), for which only a 
bare excess of anunoniiim sulphocyanide was used, with (7) 
to (12) shows an apparent advantage in the larger excess in the 
presence of acid. Hydrochloric acid, judging from the results 
of (11) and (12), has no greater disturbing influence than sul- 
phuric acid, although in (12), where the concentrated acid 
constituted one-fourth of the entire volume, there was appar- 
ently a slight solvent action. The filtrate from this determi- 
nation when concentrated to about 25 cm' and treated with 
potassium ferrocyanide gave a strong test for copper, as did 
also the filtrate firom (6). Several pf the other filtrates were 
tested in the same way, but none showed more than an insig- 
nificant trace of copper. The filtrate of (7), however, was 
not tested. 

Table 11 contains the results of a series of experiments con- 
ducted as before, except that larger amounts of copper were 
employed. The copper sulphate solution was approximately 
^ and standardized by the batteiy. The solution of ammo- 
nium sulphocyanide was the same previously used and a con- 
siderable excess was employed in every determination. More 



TABLE n. 



Bxpb 


Oa 


tntod. 


Approx. 
TO- 


Final 


OiiA(CN), 
f<Mind,(»lcii- 
lAtedMOn. 


Bnor. 


Onln 
nitrate. 


(8) 
(4) 


0.8176 
0.8176 
0.8176 
0.8176 


on' 

None. 

None. 

None. 

10 


em* 
60 
00 
00 

100 


om* 

600 
600 
600 
600 


gnn. 
0.8176 
0.8177 
0.8176 
0.8176 


gnn. 
0.0001+ 
0.0002+ 
0.0001+ 
0.0000 


None. 
None. 
None. 
None. 


(6) 


0.8176 


HOI 
oooo. 


100 


600 


0.8166 


0.0010- 




20 


Distinct 
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than twice the 3«^ount theoieticaUy required was uae9L*^%^ 
case where fr©® ^id was present, and at least trweuX? /•^'V^ 
were allowed for the precipitation, which waa ixxaidi^ ^JV J^ A /! 
and as the table shows, rather dilute solutions. ^j^ ^y^ ^ 
tdon is too concentrated the copper is apt to b^ tixxcy«m. ^ 
in a finely divided condition, making it hard to fiXfo^Y a 

The time required to diy the cuprous s^pl^ooy^i,^^^^ ^^ 
is in general from two to three hours. Heatixx^ xn^i:k v^ W 
than this is not to be recommended, as a graj^x^^^;!^ 1^ ^ 
weight begins to take place, as is shown V>y ^tfcu^ -J^ \\ ^/^ 
example, which gives a series of weights of tix<o &cu3:k ^ r^ 
tate at different stages. ^ 




After 2 hours at 110° . . . 0.606O 

« 4 " '* . . . 0.605d 

« 19 " «... 0.606T 

« 23 " " ... 0.6O69 




This tendency to increase in weight is, 
marked than in the above example, and 
interfere materially with the accuracy of tbio 
drying is prolonged far beyond the necessfitx 

The method is easily handled and, as thio xros-ixlts of :h 
and n show, is capable of considerable acoxxjraoy. ITv 
nature of the process it is evident that it is mtioli leaa ^^ 
be interfered with by the presence of atJier xnetaals 
other gravimetric methods for copper, axid xnaj^ *^^^^ 
directly applied with good results in many cases wie^"^ 
of the electrolytic or the oxide method virould inrox 
vious separation. ^ ^ 

SHver SulpTiocyanide^ ^ 

The sulphocyamde of silver, unlike that of <^opp^ 
ble in an excess of ammonium or alkali Bolphooy. ^ 
this fact prevents the use of the latter to precipf fe(v K ^ a 
gravimetric estimation. The reverse process, i^^ ^ % t^^^ 
precipitation of a soluble sulphocyanide by an exceJ^^b^^^ ^^ 
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nitarate, as will be shown by the experiments to be described, 
furnishes a convenient means of standardizing sulphocyanide 
solutions and in general for estimating sulphocyanic acid. 

When freshly precipitated the sulphocyanide of silver resem- 
bles the chloride in appearance, but when allowed to stand a 
few hours becomes finely granular and is very easily filtered 
and washed. It may be safely dried to a constant weight upon 
an asbestos filter at 110^-120°, but at a somewhat higher tem- 
perature is decomposed, leaving a residue of silver sulphide. 

The determinations which are tabulated below were made as 
follows. Portions of 25 cm^ of an approximately decinormal 
solution of ammonium sulphocyanide were measured from a 
burette, diluted with 100 cm® of water and silver nitrate added 
in excess. The precipitate was collected upon asbestos in a 
platinum crucible, washed with cold water and dried to a con- 
stant weight at 115^ the drying requiring usually between two 
and three hours. 

The filtering is facilitated by allowing a few hours for the 
precipitate to settle ; but this is by no means essential, as it is 
easy with a little care to obtain a clear filtrate even when the 
filtering is performed at once. 

The solution of ammonium sulphocyanide was prepared 
from a pure salt, especially tested and found free from choride. 
This point is of importance, as chlorine is a common impurity 
and its presence in any considerable quantity will vitiate the 
results. 

In order that the eflPect of varying the excess of silver 
might be investigated, an approximately decinormal solution 
of silver nitrate was titrated against the ammonium sulpho- 
cyanide and the ratio between the two solutions determined. 
This silver nitrate solution was used for the first five determi- 
nations of Table III. For the rest the quantity of silver nitrate 
was not measured but regulated by the eye alone, thus making 
the conditions the same as would be the case in practical use 
of the method. 

These results are as uniform as could be expected, considering 
the variations which would be produced by even very small 
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TABLE m. 

Final Tolume of liquid 160 cm*. 
25 cm* of NH4SCN sol. equiyalent to 26.16 cm* of AgNOt lol. 



Xxgw 


HB^OH. 


AgHOb. 


Ksoevof 
AgNO,. 


AgBCH 
fottzid. 


(1» 
(2) 
(8) 

(6) 

'? 
(7) 

(8) 

(») 
(10) 


dp 

26 

26 

26 

26 

26 

26 
26 
26 
26 
26 


26.8 
26.8 
25.4 
26.4 
30.4 

Rough 
Rough 
Rough 
Rough 
Rough 


wiwt 

0.16 
0.16 
0.26 
0.26 
6.26 

exceM. 
exceM. 
exceM. 
exceM. 
exceM. 


gnu. 

0.4372 
0.4376 
0.4378 
0.4376 
0.4382 

0.4866 
0.4881 
0.4878 
0.4372 
0.4360 



errors in measuring out 25 cm' of decinoimal sulphocyanide 
solution. It IB moreover clearly shown that there is no 
difference in the results whether a bare excess or a moderately 
large excess of the silver nitrate is used. 

The mean of the values in the last column is 0.4874, which is 
equivalent to 0.2006 grm. of ammonium sulphocyanide for 
every 25 cm' of the solution. 

The standard of the sulphocyanide solution was also 
determined volumetrically by Volhard's process. The mean of 
four titrations carried out with great care against a standard 
silver nitrate solution gave as the standard 0.2003 grm. of 
ammonium sulphocyanide for 25 cm' of solution. This differ- 
ence between the standards as determined by the two methods 
(one part in 670) is much less than the variations which 
frequently appear between successive determinations by 
Volhard's method, under like conditions as to strength of 
solutions and amounts used. It is about equal to the error 
that would be produced in a single volumetric determination 
by a mistake of one drop in measuring one of the solutions, or 
of one-half drop in the same direction on each. 

It is therefore evident that the standard of a sulphocyanide 
solution obtained in the above way may be applied directly to 
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the estimation of unknown amounts of edlver hj Yolhaid's 
method without sensible error. 

To remove a possible doubt as to whether the silver 
sulphocyanide dried at 115° was entirely free from water, a 
number of electrolytic determinations of the silver contained 
in the previously weighed precipitates of Table in were made 
in the following way. 

The perforated platinum crucible containing the sQver 
sulphocyanide and asbestos was hung in a loop of heavy 
platinum wire and served as the anode. For the cathode a 
deep platinum dish of about 200 cm' capacity was used. An 
ammoniacal solution of potassium cyanide was employed as the 
electrolyte and gave the best results when made up by dissolving 
2 grm. of potassium cyanide in 15 cm' of strong ammonia and 
15 cm' of water. The crucible which served as the anode was 
fflled with this solution in full strength, and the remainder 
was put into the platinum dish and diluted to the required 
volume with water. In this medium the silver sulphocyanide 
is slowly dissolved and diffuses through the asbestos felt into 
the space between the electrodes where the silver is deposited 
in the usual way. This diffusion, is, however, aided but little 
if at all by the current, and there is a tendency for traces of 
the silver to remain behind in the crucible. The current density 
employed was about 0.0012 ampdre per square centimeter 
of cathode surface and the time about twelve hours. After 
weighing the silver deposited, it was dissolved in nitric acid, 
precipitated by hydrochloric acid and weighed again as the 
chloride, giving a check upon the results. 

Seven of the ten determinations of Table III were thus 
treated, but owing to the imperfections of the process the 
results were all slightly low, the worst showing a deficiency 
of 0.0025 grm. of silver, an error of less than 0.9 per cent. The 
results of the two best of these determinations given below are, 
however, sufficient to prove the point in question, namely 
that the silver sulphocyanide dried at 115° has the theoretical 
constitution and contains no water. The numbers are those 
under which the determinations appear in Table III. 
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^^irSf*\iS?\Ss* 



grm. 
0:2840 \ 0.289B 




O.O00&- 
O.0002- 



AgOL 



Wttlfffa«d OftlonLited 



0.8766 
0.3761 



MAg. 



gnu* 
0.2834 
0.2881 



0.0010- 
0.0009- 



^ ^eteiore that the estimation of sulphocyanides by 

l^\Bc\©f^ vrith diver nitrate and direct weighing of the 
pxecvg*^'^^^ vrtoUy permissible. The method is extremely 
r)tecvp^^^- ^ ^^^^ ueen aliown, the results are quite accurate. 
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XLvn 

ON THE ESTIMATION OF CiESIUM AND EUBIDIUM 
AS THE ACID SULPHATES, AND OF POTASSIUM 
AND SODIUM AS THE PYEOSULPHATES. 

Bt PHTLIP B. BROWNING. 

BuNSEN * is authority for the statement that the acid sulphate 
of rubidium does not lose sulphuric acid at a heat approaching 
redness. It is stated in the literature f that the acid sulphates 
of caesium and rubidium when subjected to a low red heat 
pass into the form of the pyrosulphates. 

R. Weber t found that by treating the dry sulphates of 
potassium, csesium, rubidium, and thallium with sulphuric 
anhydride in a closed tube and heating on a water bath two 
layers separated. In the lower layer he obtained ciystalline 
bodies which proved to have ihe constitution R«0 • SSOs. On 
strong heating he obtained from these substances, bodies of 
the form R^O . 2S0i and finally RsO . SOg. He also notes that 
in the case of the caesium salt the removal of the excess of 
the sulphuric anhydride was attended with greater difficulty. 

Baum § states that the pyrosulphates of the alkalies may be 
obtained by heating the acid sulphates under atmospneric 
pressure at low redness, or under diminished pressure at a 
temperature between 260** C. and 820** C. 

In a recent paper || from this laboratory I have shown that 
thallium may be estimated as the acid sulphate by evaporating 
a thallous salt in solution with an excess of sulphuric acid and 
bringing the residue to a constant weight at a temperature of 
about 250° C. 

* Ann. Chem. (Liebig), cxix, 110. 

t Graham-Otto, Lehrbuch d. Chem., iii, 289, 278. 

I Ber. Dtsch. Chem. Ges., xvii, 2407. § Ber. Dtsch. Chem. Gee. zx, 762. 

Am. Jour. Sci., iz (1900), 137. This volume, p. 317. 
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^^S OF 

^ -Afc^ -Vkaiine metal « ^®*^ ^ ^^*^ of ite combi- 

mtjoia ™ ^v**^^ *^* ^*™^ general conditions 

rf V^^-,c^e>^^^^ 7^^ »»ade with a pui« c»8ium salt 
fc ^^ ""^V^V^^"^ ^o^mt of the nitiBte was placed in 
„ iolio«a- -%,e^gr^ ?r*^'^^ crucible and treated with an 
» pe-nottst^ ,jric tWMl. The crucible was then placed upon 

«^'=*** °^ S^ "^ '"^**'^ *^^ °^'^*' «^^ ^«'* ^«'y 

* ^"^ ^A ***^" '^snioved to a radiator, consisting of a 

espe^teA "^cVble fitted -with a pipe-stem triangle so arranged 

potce^ai^ ^^jyjOi oi tiie platinum crucible would be about 

tfcat ^^ vjetween *^® ***P ^°cl bottom of the porcelain crucible. 

mi4«a? „^viBed la^ator was set in an iron ring and a 

'^^^^ "^tet so pl**^ that the mercury bulb would be on 

1^™ I witli the bottom ajid close to the side of the platinum 

* 'ble Ao oidinaiy Bunsen burner served as the source 

, . ^. ,^nd the temperature was kept so far as possiUe 

imtween 250° C and 270° C. After the fuming attending 

♦he lemoTal of the large excess of sulphuric acid ceased, the 

crucible and contents were removed to a desiccator, and, after 

being allowed to cool, weighed. This process of heating 

Turas continued for halfiour periods until the weights were 

constant. The results shown in Table I vrere obtained l^ 

this method of treatment In experiments (1), (4), and (9) 











TABLE 


L 








bp. 


C|«0. 


=• 




Bnood 

Wright. 


bror 
OiHBO,. 


Utad. 


S^' 


OsBO^ 


(11 

(3) 
81 
>4 

& 
6 
7 

8 
9 

(0) 


0.1706 
0.1706 
0.1032 
0.1033 
0.1218 
0.12U 
0.1214 
0.1160 
0.1066 
0.1066 


0.2013 
0.2018 
0.1217 
0.1217 
0.1437 
0.143G 
0.1436 
0.1366 
0.1246 
0.1246 


0.20M 
0.2010 
0.1201 
0.1262 
0-H6B 
0.1430 
0.1422 
0.1380 
0.1272 
0.1262 


grm. 
02020 

o.iz:2 

0.1248 


0.0007+ 
0.0003- 
0.0016- 
O-OOO&f 
0.0021+ 
0.0005- 
0.0013- 
0-0028- 
0.000H- 
0.0007+ 


gm. 

0.0961 
0.1130 


gra- 

0.0948 
0.1118 


0.0018- 

aooi2- 




rOL. n.~ 
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^^ ^ -CESIUM AND RUBIDIUM. 



^^'it^^ ^'dUot ioT^ 'heights were constant somewhat 

s^^^^X&iK:^ ^ B<5id sulphate, a fact which would 
^^^^^^^^^^i> v4r^ ^^ 1^*^^ ^* ^® caesium salt to hold 

^^^'iy^ _^^^ over the amount necessary to 






it ^_^ 



^>xlphate. The results show that by 
^^ ^ temperature between 260*" C. and 



ioTvs. ^^ ^-^f^e^^ ^ 

T^^xiJia>3ca% "^^^ ^^ X^ brought, with a fair degree of cer^ 
^IQ- C^, "" jrSaditi^^ ^i tkxe acid sulphate. As a check upon 
^^^^, ^e> a«i^ sulpkato was, in a few cases, treated with 
Utt\e ammomvnn. hydroxide, the excess of this was removed 
upon a steam batii and the neutral sulphate obtained by 
ignition at a red heat to a constant weight. These determi- 
nations agreed fairly well with the theory. The same pro- 
cedure was followed with rubidium, a pure rubidium chloride 
having been chosen as the starting-point The results are 

TABLE n. 



Bip. 


BbOI 
takm. 


BbUBO^ 
oftlculAtaa. 


BbH804 
found. 


BflOfa 


cslcQutod. 


found. 


XXRIfa 


(1) 

(3) 
(4) 
(6) 
(6) 


gnn* 
0.1262 
0.1212 
0.1280 
0.1280 
0.1610 
0.1860 


gnn. 
0.1889 
0.1829 
0.1866 
0.1866 
0.2480 
0.2062 


gm. 
0.1878 
0.1840 
0.1860 
0.1868 
0.2416 
0.2082 


gnn. 
0.0011- 

0.0011+ 
0.0006- 
0.0002+ 
0.0014- 
0.0020- 


gnn. 

o.i4eo 

0.i867 
0.1777 
0.1601 


gnn. 
0.1400 

0.i860 
0.1772 
0.1490 


0.0000 

0.0007- 
0.0006- 
0.0011- 



given in Table 11. No tendency was observed on the part 
of this element to hold sulphuric acid in excess of the amount 
necessary for the formation of the acid sulphate. When the 
same method was applied to sodium and potassium salts, 
pure chlorides being used as the starting-point, a somewhat 
different result was obtained, in that the weight of the 
final product appeared to indicate the formation of the 
pyrosulphate. The results given in Tables m and IV, in 
which the sodium and potassium salts are calculated as 
pyrosulphates, are suflSciently satisfactory for purposes of 
quantitative estimation. As in the case of the csesium and 
rubidium salts, a number of determinations as the neutral 
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sulphate were made by ignition of the sodium and potassium 
pyrosulphatea, with leeulte which are recorded. In Table V, 
two determinationB are recorded, in one of which the ciesium 
and rubidium Baits were treated together and in the other 
the Bodium and potassium salts. 



Kp. 


EKn^.50. 


SJ 


■^ 


Bmr. 


^ 


■^ 


Xrror. 


(I) 


(Bba 0.1*28 1 


pm. 
0.8M6 


fim. 
0.3606 


fin. 

oooaof 


0.2740 


0.2762 


s-oooaf 




H1.01 + KC1 


-m 


-^-^ 


':^ 


"3f. 


Brnir. 


(2) 


(NaCl 0.1288 1 
JKCl 0.1840 f 


0.4627 


0.4680 


aooos^ 


0.8062 


0.S040 


0.0022- 



An application of this general method to a lithium salt 
gave no evidence of the existence of a stable acid sulphate 
or pyroBulphate. 
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The results may be summed up as follows: — CsBsium and 
rubidium salts of volatile acids when treated with sulphuric 
acid in excess and brought to a constant weight at a tem- 
perature between 250^ C. and 270^ C. form acid salts of 
the type RHSO4 and the neutral salts of the type RiSOi on 
ignition. 

Some tendency of the csBsium salt to hold more sulphuric 
acid than corresponds to the foimation of the acid sulphate 
RHSO4 was apparent at temperatures between 258'' C. and 
270° C, but upon raising the temperature above 800° C. the 
loss was excessive and showed a tendency on the part of the 
acid sulphate to pass, at this temperature, toward the con- 
dition of the pyrosulphate. 

Sodium and potassium salts, when heated under the con- 
ditions described, give pyrosulphates of the type RiSsO, which 
on ignition go into the neutral sulphate of the form RSSO4. 
Lithium gives neither salts of the type RHSO4 nor RsSsOy 
under the conditions of these experiments. 




^ ^e'^t^J'l^TION OF CALCroM, STRONTIUM, 
T:«^ \^^ BARIUM AS THE OXALATES. 



By CHAHUBS a. PETBRS. 



• ns \iBde^ wbicli oxalic acid may be titrated by potassium 
^^Tma»g®^^^ ^ ^^ presence of hydrochloric acid, and states 



tjoBisiDfiS^ axticle from this laboratory ♦ describes the condi- 

^at the extra consumption of permanganate which ordinarily 
takes place when oxalic acid is titrated by permanganate in 
the presence of hydrochloric axjid, may be prevented by the 
addition of a manganous salt. This fact led to the idea of 
effecting the solution of the alkaline earth oxalates in hydro- 
chloric acid and titrating the free oxalic acid with perman- 
oanate in the presence of a manganous salt, and so to the 
study of the conditions under which precipitates of strontium 
and barium oxalates could be obtained sufficientiy insoluble 
for quantitative purposes, the conditions under which calcimn 
oxalate is insoluble bemg already weU known. 

The permanganate solution for this work was standardized 
against freshly recrystallized ammonium oxalate, and on 
oxalic acid, the standards agreeing. 

Calcium Oxalate. 

It is well known that calcium may be estimated by treating 
the precipitated oxalate with sulphuric acid and titrating by 
permanganate tiie oxalic acid set free-f In the work 
described in the present article, the precipitate of calcium 
oxalate has been ^solved in hydrochloric acid and the oxalic 

« Oooch and Peters, Am. Jour. Sci., yii, 461. This volume, p. 222. 
f Mohr, Titrirmethode, 6. Aufl., S. 227. 
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A'SSS^ 




L^eia J^'^*^^^^^®^'^*® ^ *^® presence of a manganouB 



OC^BB 



t^>s^e 






as follows : The boiling hot solution 
precipitated with ammonium oxalate. 



-. ^\\»^ ^>^ ^ — _ ^"^ ^-•.'^viipimuou wiui ammonium oxaiaie, 

^ c^cvNSCtv 0i^ ^^ liours, and the supernatant Uquid de- 

^o^^ "^ o^jS*^ v; "^^^ precipitate was washed two or three 

c«5i\«^^^^C?^u^^^^^ ^^^ 50-100 cm« of cold water and 

^xae^ ^^ TV t>k^^ 'l^^ crucible containing the precipitate 

\>Tow^^^^^ to^^e beaker, 100-200 cm« of water were 



^«ia 



^^ r' ^ge^^er ^^ 5-10 cm« of strong hydrochloric acid and 
aEWiO gr^- ^^ xaanganous chloride, and the oxalic acid 
^trated at, a temperature of 86**-46°- The results, given in 
Table 1, ore obviously excellent. 



TABLE L 



OaOtokMBM 
CaOlr 




Yolamaat 


CMOfmmd. 


Efrav* 


grm. 


gmu 


#tm> 


l^niL 


gniL 


0.0666 


0.8 


100 


0.0667 


0.0001+ 


0.0066 


0.8 


100 


0.0666 


0.0000 


0.0666 


0.8 


160 


0.0668 


0.0002+ 


0.0666 


0.8 


100 


0.0666 


0.0001- 


0.0986 


0.6 


176 


0.0981 


0.0004- 


0.1818 


0.6 


160 


0.1816 


0.0002+ 


0.1813 


0.6 


200 


0.1816 


aooo2+ 



Extended washing with hot water, however, is to be avoided 
after the precipitant, ammonium oxalate, has been removed. 
In one experiment, for example, in which the precipitate, on 
the felt, was washed fourteen times with portions of about 
60 cm' each of hot water, each portion bleached from 2-6 
drops of approximately ^ permanganate, making a total loss 
of 0.0084 grm. of calcium oxide. 

StfTfynJtium Oxalate. 

Souchay and Lenssen * state that strontium oxalate is solu- 
ble in 12,000 parts of water. This fact would seem suflBcient 
to warrant the study of the quantitative separation of stron- 
tium as the oxalate. In the work which follows strontium 

* Ann. Chem. (Liebig), cii, 86. 
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oxalate has been precipitated both in alcoholic solution and 
in water solution, and for convenience these two conditions 
of precipitation will be discussed separately. 

All the strontium salts, of established purity, were stan- 
dardized by precipitation with sulphuric acid in a solution 
containing at least one-half its volume of alcohol, and with 
some solutions confiimatoiy standards were also obtained by 
evaporation with sulphuric acid. 

Precipitation in Alcoholic Solution. To determine the com- 
pleteness of the precipitation in alcoholic solution strontium 
nitrate was precipitated by ammonium oxalate in a solution 
containing one-third of its volume of alcohol, the mixture was 
allowed to stand over night, the liquid was filtered off on 
asbestos, and the precipitate was treated in the capped filter- 
ing crucible with sulphuric acid, ignited, and weighed as the 
sulphate. The results are given in Table 11. It is plain from 



TABLE n. 



BrOtakmM 




Volume afc 


Volomaof 


BrOfoimd 


mflerence. 


&t(NOa)r 


oxalate. 




•loohoL 


aa8r80«. 


gnn. 


gnn* 


om* 




gniL 


gnn. 


0.2434 


0.8 


180 


1 


0.2440 


0.0006+ 


0.2484 


0.8 


180 


I 


0.2487 


O.000Sf 


0.0022 


0.2 


100 


1 


0.0022 


0.0000 


0.0013 


0.2 


100 


I 


0.0014 


0.0001+ 


0.0004 


0.04 


100 


* 


0.0004 


0.0000 



the results in this table that the precipitation of even small 
amoimts of the strontium salt from a solution containing one- 
third of its volume of alcohol is practically complete. 

To determine the minimum amount of alcohol necessary for 
the complete precipitation of the strontium oxalate, experiments 
were made using varying proportions of 86 per cent alcohol 
with different amounts of ammonium oxalate, and the filtrates 
from such experiments were tested for strontium by the addi- 
tion of more alcohol. The results given in Table III show 
that when a moderate excess of ammonium oxalate is present, 
a volume of 85 per cent alcohol, amounting to one-fifth of 
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TABLE m. 



BrOpraaent 
MBitHOsV 




Yoluioeof 
Uonid. 


proportion 

of 86 par cent 

•koboL 


BK> found in 


M^Oj 


Km. 


gnn. 


OOB^ 




gnu* 


0.1 


0.4 


100 


1 


0.0000 


0.1 


0.4 


100 


TS 


0.0000 


0.1 


0.4 


100 


TS 


0.0004 


0.1 


0.2 


100 


\ 


0.0000 


0.1 


0.2 


100 


TS 


0.0009 


0.1 


0.2 


100 


JL 


0.0020 


0.1 


0.1 


100 


* 


0.0002 



the whole, is sufficient to complete the piecipitation of the 
strontium as the oxalate. 

The conditions under which strontium oxalate is insoluble 
having been determined, the process for the volumetric esti- 
mation of strontium was carried out as follows: The hot 
solution of a strontium salt was precipitated with ammonium 
oxalate, 85 per cent alcohol, amounting to from one-fifth to one- 
third the total volume, was added, the mixture was allowed to 
stand over night, and the clear liquid was decanted on an 
asbestos filter. The precipitate was washed with a mixture 
of equal parts of 85 per cent alcohol and water, transferred to 
the filter, dried in the filtering crucible over a flame to free 
it from alcohol, returned to the beaker previously dried, treated 
with sulphuric acid, or with 5-10 cm^ of hydrochloric acid 
(in the latter case 0.5-1.0 grm. of a manganous salt being 
added) and the liberated oxalic acid was titrated by perman- 
ganate. The results obtained by this method are accurate 
and are given in Table IV. 

In the last experiment in which a comparatively large 
amount of strontium salt was present and the- dilution low, 
there is a slight tendency towards a minus error, due probably 
to the occlusion of some oxalic acid by the strontium sulphate 
formed. This phenomenon would favor titration at greater 
dilution when sulphuric acid is used to liberate the oxaUc 
acid from large amounts of strontium oxalate. 

Precipitation in Water Solution, In order to determine the 
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TABLE IV. 








VOLUIIS DUBIKO TiTBATION 160-260 CM*. 




BrOtekon 




Yolimieat 


Ptopor- 

tlOQOf 

86 percent 
aloohoL 


Acid pres- 


BrO 




BKNO,)^ 


AlttlttOfflilllR 


r^ 


ent dtulDg 
tttntion. 


found. 


Error. 


oxftUito* 




gtra. 


qm> 






gnn. 


grui. 


0.0974 


0.4 


100 


^ 


HCl 


0.0978 


0.0001- 


0.0974 


0.4 


100 


, 




HCl 


0.0088 


0.0009+ 


0.0974 


0.4 


100 


i 




HCl 


0.0076 


0.0001+ 


0.0974 


0.8 


100 


, 




HCl 


0.0981 


0.0007+ 


0.1948 


0.4 


200 


1 




HCl 


0.1043 


0.0006- 


0.1948 


0.8 


200 


. 




HCl 


0.1042 


0.0006- 


0.0974 


0.4 


100 


. 


' 


HoSOa 


0.0970 


0.0004- 


0.0974 


0.4 


100 




HaS04 


0.0977 


0.0008+ 


0.0974 


0.4 


100 




R1SO4 


0.0976 


0.0002+ 


0.1948 


0.6 


160 


O 


H,S04 


0.1038 


O.OOIO- 



degree of precipitation of strontium salts in water solution, 
strontium oxide, taken as tiie nitrate, was precipitated by 
ammonium oxalate, the mixture was allowed to stand over 
night, filtered on asbestos, the precipitate was washed with 
'Water containing one-half its volume of 86 per cent alcohol, 
treated in the capped crucible with a few drops of sulphuric 
acid, ignited, and weighed as the sulphate. The result gave 
0.0978 gnn. of strontium oxide instead of 0.0974 grm. taken. 
The precipitation, therefore, of strontium oxalate, in water 
solution with a sufficient excess of ammonium oxalate present, 
is practically complete. 

To determine the amount of ammonium oxalate necessary 
for the precipitation of strontium salts in water solution, 
experiments were made in which strontium oxalate was pre- 
cipitated in the presence of varying amounts of ammonium 
oxalate, allowed to stand over night, the clear liquid was 
decanted on asbestos, and the precipitate was washed twice 
with 10^20 cm« ot cold water. The results obtained by 
the estimation ol the oxalic acid by permanganate show 
*J^* an amount of amDionium oxalate several times larger 
than that Tequiiedfor iJ^^ theoretical formation of strontium 
Jf^*^ is necessary for tJxe separation of the strontium oxalate. 
^^ ^^periments m i^oxr^ed in Table V. 
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SrO, 

takenM 
&r(HO^ 


A TK^lliOWi HIP 


Yolane 
■t precipi- 
tation. 


AflUpTCMnl 

dozing 

tttntion. 


BrO 
foamL 


^BZvK« 


gnu. 
0.0487 
0.0487 
0.0487 
0.0974 
0.0974 
0.0974 


gnn. 

0.064 

0.0768 

0.16 

0.128 

0.10 

0.82 


100 
100 
100 
100 
100 
100 


H,80. 

H^04 
H,804 
H,804 
H,804 


gm. 
0.0441 
0.0465 
0.0488 
0.0939 
0.0959 
0.0975 


0.0046- 
0.0022- 
0.0001+ 
0.0025- 
0.0016- 
0.0001+ 



The solvent action of a large amount of water on a pre- 
cipitate of strontium oxalate was tested by washing a pre- 
cipitate equivalent to 0.0974 gim. of the oxide with 150 cm' 
of cold water. The precipitate, when weighed as the sulphate, 
showed a loss of 0.0033 gnn., as the oxide, which amount was 
subsequently recovered from the filtrate by the addition of 
ammonium oxalate and alcohoL Plainly excessive washing 
with water is to be avoided. In the estimation, therefore, of 
strontium precipitated as the oxalate in water solution, the 
amoimt of water used in washing was Umited. It was found 
that 40-60 cm' of water judiciously applied was sufficient to 
wash out the ammonium salt without producing appreciable 
solvent effect upon the strontium oxalate. The process of 
treatment was similar to that used in the precipitations from 
alcoholic solution, excepting that no alcohol was added to the 
solution, that the washing was effected with a limited amount 
of water, and that, there being no alcohol present to effect the 
titration, the precipitate was not dried before treatment with 
permanganate. The results are given in Table VI. 

In the results recorded in section A of Table VT, the stron- 
tium oxalate was treated with sulphuric acid and titrated at 
80"*, the volume being 200-300 cm'; while in the experiments 
given in section B, the precipitate was treated with hydro- 
chloric acid and titrated at 35^-45^, at a volume of 100-200 cm', 
after the addition of 0.5-1.0 gim. of manganous chloride. The 
results show that 0.1 grm. of strontium salt, calculated as the 
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oxide, may be estiinstod as the oxalate with a fair degree of 
accuracy when precipitated in 100-250 om> of water \sj a 



D.WT4 


0.6 


100 


H-BO. 


0.0960 


0.0008- 


a09T4 


ae 


100 




0.0985 


0.0011+ 


0.0074 


0.6 


100 




0.0977 


O.O00S+ 


0.09T4 


0.6 


100 


^80. 


0.0963 


0.0011- 


0.0974 


Q» 


100 


H,80; 


0.0961 


0.0007+ 


0.D074 


03 


100 


H,SO« 


0.0966 


0.0008- 


0.0974 


1.0 


100 


H,SO, 


0.0065 


0.0000- 


0.0874 


2.0 


100 


H^ol 


0.0963 


0.0011- 


0.0974 


2.0 


100 


H,80. 


0.0970 


aooo4- 


Bi«, 


















B. 






fkcC 












0.0778 


0.6 


100 


HjSO* 


0.0T99 


0.0014+ 


0.0778 


0.6 


100 


E^so; 


0.0767 


0.0011- 


0.0778 


0.6 


100 


fe%°: 


0.0776 


aoooa- 


0.0778 


0.6 


100 


0.0776 


0.0002- 


8iO, 












taknaa 












BttKO^ 












0.0974 


0.B 


260 


H,80, 


a0073 


0.0001- 


0.0074 


2.0 


260 


«• 


03975 


0.0001+ 


0.00 4 


03 


100 


0.0971 


0.0008- 


0.09 4 


0.8 


100 


HQ 


O.0980 


0.0006f 


0.09 4 


03 


100 


Ha 


0.0975 


0.0001+ 


0.09 4 


03 


100 


Ha 


0.0980 


0.0006+ 


0.0974 


03 


100 


Ha 


0.0978 


03001- 


0.0974 


0.8 


100 


Ha 


00978 


0.000*f 


1 


0.2425 


0.S81 


126 


H,SO. 


05878 


0.0049- 


0.24S6 


0.834 


126 


H^O. 


0.2402 


0.0084- 


0.2436 


0.64 


126 


H,80t 


0.2*11 


0.0026- 


0.24S6 


0,8 


126 


H,80, 


0.2867 


0.0069- 


0.2436 


2.0 


125 


HgSO* 


0.2376 


0.0060- 


0.2430 


2.0 


125 


H^0« 


05402 


aoos4- 


1 


0.248a 


.0,8 


260 


H,SO, 


0.244S 


0.0007+ 


0.24Se 


03 


260 


hJso; 


0.2446 


COOlOt- 


0.2486 


23 


250 


H,so; 


ojmo 


0.0004+ 


0.2486 


2.0 


260 


H,SO, 


02481 


0.0006- 
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0.2436 


0» 


600 




essm 


0.0040- 


0.248a 


2.0 


600 




0.2408 


0003S— 


0.2436 


2.0 


600 




0.2418 


0.002S- 


0.2486 


4.0 


600 




0.2410 


0.0028- 


0.2486 


8.0 


600 




0.2407 


0.0028- 


0.4872 


2.0 


600 




0.4887 


0.0036- 


0.4872 


4.0 


60O 




0.4866 


0.0017- 


0.5430 


6.0 


600 




0.6422 


0.0006- 


0.4678 


10.0 


600 




0.4664 


O.OO'Jft- 


0.7807 


4.0 


600 




a7282 


0.0046- 



sufficient excess of ammonium oxalate. In the experiments 
recorded in section C, in which the amount of strontium salt 
in 125 cm' of water is increased, a negative error is intro- 
duced, which is not diminished by the presence of a laige 
amount of ammonium oxidate, but when the dilution is in- 
creased to 250 cm^ aa is the case in experiments given in 
section D, so that the conditions conespoud mote nearly to 
those recorded in sections A and B, the errors &11 to a 
miniimim. In the experiments recorded in section E, in 
which tiie dilution is increased to 500 cm*, an error is in- 
troduced which is not prevented by the preeence of a large 
excess of ammonium oxalate and which is independent of the 
amounts of strontium salt used. 

Eight of the water filtrates and wash waters obtained in 
the experiments recorded in Table VI were tested for traces 
of strontium by the addition of alcohol, and in all cases a 
small amount of strontium was found, amounting, in tlid 
averse, to 0.0010 gnn. in 100 cn^ of water. 

Barium. Oxalate. 
Baiitun oxalate according to Souchay and Lenssen * is 
soluble in 2590 parts of cold water, and according to Berg- 
• Ann. Chem. (Uebig), ic, 102. 
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man * is scarcely at all soluble in alcohol. The attempt was 
made to estimate barium by precipitation with ammonium 
oxalate in a mixture containing alcohoL It was found that 
in filtrates from oxalate precipitations in which 0.1-0.2 grm. 
of barium oxide, taken as the nitrate, had been precipitated in 
volumes of 100 cm", containing 30 cm^ of absolute alcohol, 
and allowed to stand over night, treatment with sulphuric 
acid gave bariimi sulphate amounting in the average to no 
more than 0.0001 grm. of barium oxide. The insolubility of 
barium oxalate imder these conditions, therefore, is practically 
complete. 

The process for the estimation of barium was as follows: 
Anunonium oxalate was added to a solution of a barium salt. 



TABLE Vn. 



BaO taken 
aaBa(NO«)t. 



ozalste. 



VohniMat 

pi«oiplt»* 

timi* 



Add preMnt 

duiixig 

tttntion. 



BaO 

fomkL 



grm. 
0.1166 
0.1166 
0.1166 
0.1166 
0.1166 
0.1166 
0.1166 
0.2830 

o.28ao 



fpno* 


om* 


0.2 


100 


0.2 


100 


0.2 


100 


0.2 


100 


0.2 


100 


0.2 


100 


0.2 


100 


0.4 


100 


0.4 


100 


0.4 


100 



Ha 
Ha 
Ha 

HCl 

Ha 
Ha 
Ha 

HCl 

Ha 
Ha 



gnn. 

0.1177 
0.1170 
0.1164 
0.1161 
0.1166 
0.1176 
0.1164 
0.2319 
0.2336 
0.2842 



gnn. 

0.00124- 

0.00064- 

0.0001- 

0.0014- 

0.0000 

0.0011+ 

0.0001- 

0.0011- 

0.00064- 

0.00124- 



BaO taken 
aaBaCla. 



0.0042 
0.0942 
0.0942 
0.1884 
0.1884 



0.4 


100 


0.4 


100 


0.4 


100 


0.4 


100 


0.4 


100 



Ha 
Ha 
Ha 
Ha 
Ha 



0.0962 
0.0939 
0.0941 
0.1893 
0.1892 



COOlOf 
0.0008- 
0.0001- 
0.00094- 
O.OOOSf 



B. 



0.0942 
0.1884 
0.0942 



0.2 
0.4 
0.2 



200 
200 
600 



H,804 
H,S04 
H,S04 



0.0868 
0.1782 
0.0867 



0.0084- 
0.0152- 
0.0066- 



* Bergman's Essajs, i, 820. 
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containing 80 per cent of its volume of absolute alcohol, the 
mixture was allowed to stand over night, filtered on asbestos, 
the precipitate was washed by decantation with 100-200 cm' 
of water containing 80 per cent of absolute alcohol, and dried 
oyer a flame to insure the removal of the alcohoL The cruci- 
ble contaming the precipitate was returned to the beaker also 
previously dried over a flame, 100-200 cm* of water, 6-10 
cm* of strong hydrochloric acid, and 0.5-1.0 grm. of manganous 
chloride were added, and the solution was titrated at 85^-45° 
with permanganate. The results of the experiments, given in 
Table VII, A, show that barium, either as the nitrate or 
chloride, may be estimated in the manner described with a fair 
degree of accuracy. 

In the experiments given in section B of Table VII, the 
precipitate of barium oxalate was treated with sulphuric acid 
after the addition of the stated amount of water. The results 
show a large loss of oxalic acid probably due to the occlusion 
of some of the oxalic acid by the barium sulphate. This fact 
must prevent the use of sulphuric acid in an analytical 
process which depends upon the liberation of oxalic acid &om 
barium oxalate. 

Qravimetric Estimation of the Oxalates of Strontium 

and Bariwm* 

It is well known that calcium may be weighed as the 
carbonate after a careful ignition of the oxalate, and it would 
seem probable that strontium might also be weighed as the 
carbonate. Precipitates of strontium oxalate, on asbestos, 
were ignited in a capped crucible from 2-8 minutes in the 
flame of a Bunsen burner and weighed as the carbonate, and 
in a single case the carbonate thus produced was converted by 
treatment with sulphuric acid to the sulphate and weighed as 
such. The results are given in Table VIII, and while they 
all show a very slight loss, which amounts in experiment (8) 
to one milligram, when one-fourth of a gram of strontium 
oxide taken as the nitrate was used, still the results are fairly 
accurate. 
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TABLE Vm. 



fltO tekm 
ugr(NQ,)a. 



0.1120 
0.1120 
0.2435 



BrOoakmlttted 

fromBr€0« 

foimd. 



B|P wJcttlntad 

vom8r604 

found. 



0.1118 
0.1116 
0.2426 



6^487 



Precipitates of barium oxalate were also ignited from 6-10 

mi^tes and weighed as the carbonate. The results are given 
Mi Table IX, and are fairly accurate. 

TABLB EL 



(3) 



BaO 

M B^NO,)r 



grm. 
0.2912 
0.2012 
0.2912 



BiO oalonlated 

iramBaCO^ 

fOQnd. 



0.2009 
0.2901 
0.2901 



o.oooa- 

0.0011- 
0.0011- 



The results of this work may be summarized as follows : 
An the estimation of calcium by titration of the oxalate with 
permanganate, accurate results may be obtained when hydro- 
cmonc acid (with a manganous salt) is used as the solvent, 
n um salts may be precipitated by ammonium oxalate 
^tn pmctical completeness m a solution containing one-fifth 
ot Its volume of 85 per cent alcohol, and with approximate 

25? c«^^^^ ^^^^ ^^*®^ solutions at a dilution not exceedmg 

' ^^^hermore strontium oxalate may be titrated by 

hvdrocW*^*^ ^^ accuracy when either sulphuric acid or 

the oxali^^^ ^^^ (mth a manganous salt) is used to liberate 

comnlete ^^^' Barium may be precipitated with practical 

SO Der ^^^ ^ ammonium oxalate in a solution containing 

mav hf^ ^ ^^ ^Icobolf arid, the barium oxalate thus obtained 

jQ^ ^ssolved in liycLrochloric acid and titrated by peiv 

and j^^ ^^^^ ^^ addition of a manganous salt. Strontium 

igniti ^^^^ ^^^htea zrteLy be converted to carbonates by 

^^> and weighed a& such. 
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THE ACTION OF SODIUM THIOSULPHATE ON 
SOLUTIONS OF METALLIC SALTS AT HIGH 
TEMPERATURES AND PRESSURES. 

By JOHN T. NORTON, Jb. 

The use of sodimn thiosulphate as a substitute for hydro- 
gen sulphide in effecting precipitations and its application 
in the case of arsenic, antimony, copper, and platinum was 
suggested by Himly * before the middle of the present cen- 
tury. Thirteen years later Vohl f and Slater, independentiy t 
drew attention to this use of sodium thiosulphate and ex- 
tended the investigation to salts of tin, mercury, silver, gold, 
lead, bismuth, and cadmium. Slater in addition studied the 
action of sodium thiosulphate upon chromic acid, molybdates, 
ferrous and ferric ferrocyanides, ferric sulphocjranides and 
potassium permanganate. Following out these lines, the 
precipitation of copper, together with arsenic antimony, by 
treating with sodium thiosulphate the hot solution contain- 
ing sulphuric acid, and the separation of these elements from 
tin, zinc, iron, nickel, cobalt, and manganese has been advo- 
cated by Westmoreland ; § and quite recently Faktor|| has 
studied the action of sodium thiosulphate upon neutral salts 
of several of the elements mentioned, as well as the modi- 
fying influence of ammonium chloride and other salts upon 
the course of the reaction. 

Subsequentiy to the work of Himly, Vohl, and Slater, 
Chancel** developed his well known method for the precipi- 

« Ann. Chem. (Liebig), zliii, 150. 
t Ann. Chem. (Liebig), xct!, 287. 

X Chemical Gazette, 1856, p. 909. S Jonr. Soc- Chem. Ind^ ▼, 51. 

I Chem. Centralblatt, 1900, ii, 20, 67, 2S9, 691. 
** Comp. rend., xlri, 967. 
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tation of aluminum as the hydroxide and its separation from 
8alt8 of iron by boiling with sodium thiosulphate the nearly 
neutral solution, containing the salt of aluminum and iron, 
at suitable dilution ; and upon an extension of the principle 
of Chancers separation of aluminum from iron Stromeyer * 
founded his well known processes for the separation of titan- 
ium and zirconium from iron. The latter process appears 
to be fairly trustworthy ; but of Chancers method, although 
it has met with wide acceptance, it was shown by Wolcott 
Gibbs, very soon after its announcement,! that it fails to bring 
about complete separation of alumina within a reasonable 
period of boiling, and this result has been confirmed by Zimmer- 
man,| who has shown that the boiling must be continued fifteen 
hours in order to complete the precipitation of the alumina. 

It was shown by Dr. Gibbs that when the treatment of salts 
of aluminum by thiosulphate was carried on in sealed tubes 
under pressure at 120^ C, the precipitation of alumina was 
complete, and further that the precipitation of sulphides of 
nickel, cobalt, and iron, though partial under ordinary atmos- 
pheric pressure, was made complete by heating in sealed tubes 
to 120^-140^ C. 

In repeating the experiments of Dr. Gibbs qualitatively and 
extending them, I have made use of the well known Pf ungst 
tube to secure the necessary pressure. In each experiment 
a test-tube containing the mixture of an excess of sodimn 
thiosulphate with the salt whose action was studied was 
placed within the Pfungst tube containing some water, the 
cover of the latter was set in place and firmly bolted upon 
a washer of lead, and the whole was submitted to tempera- 
tures varying from 140° to 200° C. for an hour by immersing 
in a bath of paraffine. After cooling, the test-tube was taken 
out, the precipitate was filtered off, and the filtrate tested by 
appropriate reagents to determine the completeness of pre- 
cipitatioQi The following table records the details of these 
experiments. 

• Ann. Chem. (Ueblg), cziii, 127. 

f Zdt. Anal. Chem., Ill, 889. I TntLVLg. D!m. BerUn, 1887. 

TOL. II. —25 
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TABLE L 
AonoH OF ISk^fii ON 8ALn ukdxs Fbububb* 



SdtiiiMd. 


PtWiplkStM. 


Depraeof 
praoqitcraoii. 


8uxj'Hn>sB. 1 


NiS04. 
C0SO4. 
FeCl.. 
ZnS04. 

PbOa(C,HgO)t. 

Hg(fip,),. 

AgNOg. 

CUSO4. 

CdS04. 

KSbC4H40.. 

Bi(NO,).. 


Ni8 + 8. 
CoS 4- 8. 
Fe8 + 8. 
Zn8 + 8. 
PbS + 8. 
HgS + 8. 
AggS + 8. 
CuS,CiiJS, + 8. 
CdS+X 
SbsS, + 8. 
Bi^Ss + 8. 


Complete. 
Complete. 
Complete. 
Complete. 
Complete 
Complete. 
Complete. 
Complete. 
Complete. 
Complete. 
Complete. 


Htdbozidbs. 1 


(NH4)Al(S04)s . 12HsO. 

KjCr-O.. 

KjZrF^. 

KjTiF.. 

t£(N(5.)4. 


AlOgHs + 8. 
CrOgHs + 8. 
ZTO4H4 + 8. 
Ti04H4 + 8. 
Th04H4 + 8. 


Complete. 
Complete. 
Complete. 
Complete. 
Complete. 


Elbicbrts. 1 


SeO,. 
TeO,. 


8e + 8. 
Te + 8. 


Complete. 1 
Complete. | 


8nLFHIDBS. 1 


MnS04. 

AuCl.. 

(NH4),Mo04. 


MnS + 8. 

AU3S + 8. 

MoSg(?) + 8 — Red Uquid. 


PartiaL 
Partial. 
PartiaL 


Htdroxidbb. 


BeCla. BeOaH, + 8. PartiaL 


Undbtbbjcinbd. 


CeCl.. 

CaCl,. 

SrClf. 

BaCL. 

MgS04. 

NH^VOj. 

H,KA0O4. 


Black. 

Gray, reddish brown liquid. 
White, yellow liquid. 
White, yellow liquid. 
White, yellow Uquid. 
White, yellow Uquid. 

Ill ^ 

i Brown liqnid. 

• 


PartiaL 

PartiaL 

Partial. 

PartiaL 

PartiaL 

PartiaL 

None. 

None. 

Nona 
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A perosal of this table brings to light several interesting 
facts. It appears that salts of nickel, cobalt, iron, zinc, lead, 
mercury, silver, copper, cadmium, antimony and bismuth are 
completely precipitated as sulphides by sodium thiosulphate 
under the prevailing conditions of temperature and pressure. 
In the case of manganese precipitation is only partial, and 
arsenic does not seem to be precipitated from an arsenate with- 
out the addition of acid. Tin, curiously enough, is not thrown 
down as the sulphide from a stannous salt, but gives a dirty 
white precipitate of uncertain composition. Salts of aluminum, 
chromium, titanium, zirconium and thorium are completely 
precipitated as the hydroxides ; but in the case of beryllium, 
which one might expect to act similarly, the precipitation as 
the hydroxide is incomplete. Salts of selenium and tellurium 
are reduced, and the elements are precipitated. The precipi- 
tates obtained with barium, strontium, and calcium were 
white in a bright yellow liquid, but no study was made of the 
constitution of either precipitate or liquid. In the case of 
magnesium there was no precipitate. Salts of molybdenum, 
vanadium and uranium gave dark colored liquids. Thallium 
yielded a white spongy mass which on compression was re- 
duced to a very small bulk without disintegrating. Salts of 
gold and platinum gave slight dark precipitates, presumably 
sulphides, surrounded by dark colored liqidds. 

The apparatus used in these experiments and described 
above is easily handled and answers sufficientiy weU for 
qualitative purposes. But, obviously, the introduction into 
precipitates of foreign matter caused by the action of water 
on the glass of the test-tube and porcelain lining of the 
Pfungst tube, precludes the possibility of an exact quanti- 
tative study of the reactions involved. For the subsequent 
experiments, therefore, conducted upon the same general 
lines, a digester with an interior cylindrical cavity of about 
12 cm. in depth by 6 cm. in diameter, and provided with a 
pressure gauge was employed. As a container for the solu- 
tions to be tested, use was made of a platinum cylinder, 4 cm. 
in diameter and . 10 cm. deep, provided with a loose cover. 
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With this apparatus the following quantitative experiments 
which deal with those elements which are precipitated as 
hydroxides — namely, aluminum, beryllium, chromium, zir- 
conium, and titanium — were made. 

In each case a weighed quantity of the salt taken for the 
experiment was dissolved in 50 cm^ of water in the platinum 
vessel and to this a known amount of sodium thiosulphate 
was added. The vessel was placed in the digester, and the 
latter was heated by a Bunsen burner in the customary way 
until tiie required pressure was shown on the gauge. The 
apparatus was then cooled and the platinum vessel removed 
from the digester. The precipitate was filtered off on ashless 
paper, ignited, and weighed. 

ExperimmU with a Salt of Alvminwnu 

In a series of experiments made according to the method of 

Chancel, the results of which are shown in Table 11, the 

solution in water of a weighed portion of pure ammonium 

alum was treated with an excess of sodium thiosulphate and 

boiled vigorously for periods varying from ten minutes to 

half an hour. 

TABLE n. 



Kzp. 


Alum taken 


Amount of 
KaAO^ 


founa. 


Srot. 


(1) 

(8) 
(4) 
(6) 


grm* 

0.0687 
0.0637 
0.1088 
0.1187 
0.1189 


gim. 

Large excess. 
Large excess. 
Large excess. 
6 grm. 
2 grm. 


UruL 
0.0471 
0.0397 
0.0031 
0.0979 
0.1002 


gnn. 

O.OOOd- 
0.0140- 
0.0162- 
0.0168- 
0.0187- 



The results substantiate the observations of Gibbs * and of 
Zimmerman t and show clearly that the boiling of solutions of 
the aluminum salt and sodium thiosulphate for a reasonable 
time does not effect the complete precipitation of aluminum as 
the hydroxide. 

Table III shows the result of submitting solutions of 

• Log. dt t Loc dt 
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axmnonitLin alum treated with vaiying quantities of sodium 
thiosulphate to a pressure of 20 atmospheres in the digester. 
It usually required about 40 minutes to raise the pressure to 
the limit set ; but this limit once reached, the digester was 
allowed to cool slowly. The duration of an experiment was 
about two hours. 

TABLE m. 



mAI^O,. 


Amoimt of 
Na^Oa und. 


AJ^Oa found. 


Brot. 


gnn. 


gnn. 


gnn. 


gnn. 


0.0566 


6 


0.0683 


0.006&f 


0.1132 


10 


0.1154 


0.0022+ 


0.1158 


6 


0.1186 


0.0083+ 


0.1128 


8 


0.1129 


0.0001+ 


0.1126 


8 


0.1142 


0.0016+ 


0.1128 


2 


0.1120 


0.0008- 


0.1186 


2 


0.1121 


0.0015- 


0.1128 


2.6 


0.1136 


0.0008+ 


0.1124 


2.6 


0.1127 


0.0008+ 


0.1134 


2.26 


0.1188 


0.0001- 



This table shows that sodium thiosulphate precipitates 
aluminum completely as the hydroxide when pressure is 
employed. The high results seen in some of the experiments 
appear to be due to the difficulty of removing by ignition the 
large amounts of sulphur found in the action, as well as to the 
salts mechanically included in the precipitate. The amounts 
of sulphur and contaminating salts present depend upon the 
amount of thiosulphate taken; therefore this should be as 
small as possible, 2-3 grm. being sufficient to precipitate 
all the alumina in a gram of alum. When the amount of 
thiosulphate is reasonably restricted the weights of alumina 
obtained accord fairly well with the theory. 

Experiments with a Salt of Chromium, 

Up to the time of the completion of tins work nothing 
appears to have been done upon the precipitation of chromium 
as the hydroxide by means of sodium thiosulphate. Slater * 
and Rose f make mention of the action of sodium thiosulphate 

• Loc. cit. t Traits de Chimie Analytique, voL i, p. 479. 
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upon chromic acid, bichromates, and neutral chromates, but 
give no quantitative data. Recently, however, F. Faktor * has 
studied the action of sodium thiosulphate on chromium 
compounds. This investigator has found that if aqueous 
solutions of potassium bichromate and sodium thiosulphate 
are boiled together a brown precipitate of hydrated CrsOs, 
CrOs separates out and the liquid turns yellow owing to the 
formation of normal chromate. A solution of potassium 
chromate is unaffected by boiling with thiosulphate but in 
presence of ammonium or of magnesium chloride the chromium 
is separated rapidly and completely in the same form as with 
the bichromate, and after continued boiling with an excess of 
thiosulphate all the chromium present is precipitated. Faktor 
also found that a solution of chromic chloride is completely 
decomposed by continued boiling witii thiosulphate, chromic 
hydn>^de and sulphur being^cipitated. 

In the experiments shown in Table IV a weighed quantity 
of pure potassium bichromate was dissolved in water, a known 
amount of sodium thiosulphate added, and the whole submitted 
to a pressure of 20 atmospheres in the digester. After cooling, 
the precipitate was filtered off on an ashless paper, ignited and 
weighed as CrtOf 

TABLE IV. » 



Bxp. 


K|Cr,Or taken 


Amonnt of 
NaAOa. 


CtiOs f onnd. 


Error. 


(1) 

(2) 
(8) 

(4) 
(6) 

8) 


0.1880 
0.1880 
0.1822 
0.1808 
0.1801 
0.1820 


gnu. 

8 

2.5 

2.6 

2 

2 

2 


gnu. 
0.1841 
0.1826 
0.1818 
0.1808 
0.1810 
0.1822 


pppppp 



The results of these experiments are very satisfactory, and^ 
show that under pressure sodium thiosulphate precipitates 
chromium rapidly and completely as the hydroxide. It is 
advisable to use as small a quantity of thiosulphate as possible 

X Zeitschr. anal Chem., 1900, zzxiz, 846. 
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in Older to prevent the presence of much free sulphur in the 
precipitate. 

H^eriments with a Salt of Beryllium. 

In experiments dealing with beiyllium the salt used was the 
chloride, a certam amount of which was dissolve in water 
diluted to a liter and the amount of beryllium present deter- 
mined by precipitating with ammonia and weighing as the 
oxide. Measured quantities of this solution were drawn from 
a burette as required. When a solution of a salt of beryllium 
and sodium thiosulphate are merely boiled together nearly all 
the beryllium remains in solution. It was expected that the 
use of pressure would throw out all the beryllium, but, 
curiously enough, when solutions of beiyllium chloride and 
sodium thiosulphate were submitted in the digester to pressures 
ranging from 10 to 80 atmospheres only a partial precipitation 
of the hydroxide took place. 

Hxperimenta with Salts of Zirconium. 

To prepare a standard solution of the salt of zirconium it 
was found to be most convenient to heat the double fluoride 
of potassium and zirconium with sulphuric acid, evaporate to 
dryness inplatinimi, dissolve the zirconium sulphate remaining 
in water and enough sulphuric acid to prevent the precipitation 
of the basic salt, and dilute to standard volume. Measured 
portions of the solution were taken from a burette as required 
for the experiments. The presence, however, of so large an 
amount of sulphuric acid as was necessary to keep the 
zirconium salt in solution tends to decompose sodium thio- 
sulphate 80 rapidly that it was found necessary to nearly 
neutralize the solution with ammonium carbonate before 
adding the sodium thiosulphate. The solution of zirconium 
sulphate was standardized by precipitating with ammonia and 
weighing as the oxide. 

In experiment (1) of Table V, the solutions of zirconium 
sulphate and sodium thiosulphate were boiled together for a 
few minutes and then the precipitate filtered off, ignited, and 
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weighed as the oxide. In experiments (2)-(5) inclusive similar 
solutions were submitted to a pressure of 20 atmospheres in 
the digester. 



TABLE V. 



Sip. 


ZtO, 
takan. 


*^' 


ZrO, 
found. 


Brror. 


(1) 

(3 
(4) 
(6) 


gnu* 
0.0668 
0.0668 
0.0660 
0.0641 
0.0041 


gnu. 
3 
3 
2 
2 
2 


gnu. 
0.0661 
0.0670 
0.0670 
0.0648 
0.0646 


gnSa 

0.0007- 
0.0016+ 
0.0004+ 
0.0007+ 
0.0004+ 



These results clearly show that sodium thiosulphate precipi- 
tates zirconium completely as the hydroxide either with or 
without the aid of pressure. 

Experiments with a Salt of Titanium. 

The solution of the salt of titanium was obtained by treating 
the double fluoride of potaasium and titanium with sulphuric 
acid, evaporating to dryness, and dissolving the residue in 
sulphuric acid and water. The solution was standardized by 
precipitating the titanium hydroxide with ammonia and then 
adding an excess of acetic acid as recommended by Gooch.* 
This method of procedure avoids the tendency to excessive 
weight observed when the titanium hydroxide is precipitated 
by ammonia in presence of salts of the alkalies. 

In the following table is shown the effect of treating a 
solution of titanium sulphate with sodium thiosulphate. 

TABLE VL 



Bzp. 


TiO, 
taken. 


2a? 


mo, 

foona. 


Brot. 


ill 

(3) 


gnn. 
0.0240 
00240 
0.0240 


gnn. 
2 
2 
2 


pop 


GOC> 



* Am. Chem. Jour., vii, 286. 
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Experiment (1) was conducted by merely boiling a solution of 
the reagents named above, filtering off the precipitate and 
weighing as the oxide. In experiments (2) and (3) the 
solution of titanium sulphate and sodium thiosulphate was 
submitted to a pressure of 20 atmospheres in the digester. 

These results show that titanium is completely precipitated 
by sodium thiosulphate either with or without the aid of 
pressure. 

To recapitulate : — I have shown that sodium thiosulphate 
will completely precipitate aluminum, chromium, zirconium 
and titanimn as tiie hydroxides with the aid of high tempera- 
ture and pressure. Beryllium is only partially precipitated 
under similar conditions. Mere boiling for a reasonable time 
will not precipitate aluminum and chromium, but it is suffi- 
cient in the case of zirconium and titanium. 
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determination of bromine in (Gooch and Ensign) I, 37 

Alkaline perchlorates, detection of, associated with chlorides, chloretes, 

and Ditrates (Gooch and Enider] 1, 346 

Alnminom salts, action of sodiom thiosnlpbate npon, at high tempera- 
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BezyUimn* separation of, from alaminum, by action of hydrochloric add 

(Havens) II, 47 

separation of iron from, by action of hydrochloric add (Havens and 

Way) H266 

Beryllinm ammoninm phosphate in analysis (Aostin) II, 253 

Beryliiom salt, action of sodium thiosnlphate upon, at high tempera- 
tures and pressures (Norton) 11, 391 

Bismuth, separation of aluminum from (Havens) II, 109 

Blue iodide of starch (Roberts) I, 236 

Borates (soluble), action of carbon dioxide on (Jones) II, 100 

Boric acid, estimation of (CSooch and Jones) 11,172 

iodometric method for estimation of (Jones) II, 244 
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separation of, from strontium, and detection of, by action of amyl 

alcohol on the nitrates (Browning) 1,121 

Caldum oxide, use of, as a retainer for boric acid (Gooch and Jones) . II, 175 
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Chlorates, detection of perchlorates associated with (Gooch and Kreider) I, 246 

estimation of (Gooch and Smith) I, 82 
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(Gooch and Austin) II, 85 

Chlorides, detection of perchlorates associated with (Gooch and Kreider) I, 246 
Chlorine, detection of, in presence of bromides and iodides (Gooch and 

Brooks) I, 47 

direct determination of, in alkaline chlorides and iodides (Gooch and 

Mar) I, 18 
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generation of, by hydrochloric add and potaMinm chlorate (Qooch 

andEreider) 1,260 

Chrominm salt, action of eodinm thioenlphate npon, at high tempera- 

toree and preesnres (Norton) n, 389 

Chzominm, separation of iron from, by gaseons hydrochloric add (Ha- 

Tens and Way) 11, 266 

Chromic acid, interaction of, with arsenions add (Browning) .... 1, 344 

nse of, in combnstion of organic substances in the wet way (Phelpe) II, 67 

Cobalt, separation of, from nickel (Hayens) 11,141 
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ferricyanides (Browning and Hartwell) II, 344 

Combnstion of organic substances in the wet way (Phelps) II, 62 
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arsenic in ((jk)och and Moseley) I, 272 

estimation of, as oxalate, with separation from cadmium, arsenic, 

tin, iron, and zinc (Peters) II, 347 

preparation of, free from arsenic (Gooch and Moseley) I, 275 

separation of aluminum from (Ebtvens) II, 109 

separation of, from cadmium by the iodide method (Browning) . . I, 226 

Copper oxides, action of acetylene on (Gooch and Baldwin) II, 276 

Copper sulphocyanide in gravimetric analysis (Van Name) 11,359 

Dibrommale'inamide, preparation of, from urea and dibrommaleic anhy- 
dride (Dnnlap) 1, 358 

Dibrommaleinnric acid, preparation of, from urea and dibrommaldc an- 
hydride (Dunlap) 1, 358 

Dibromtolnquinonemetaoxime benzoyl ether (Bridge and Morgan) • . 11, 157 
Dibromtoluquinoneorthooxime benzoyl ether (Bridge and Morgan) . . II, 161 
Dibromtoluquinoneorthooxime methyl ether (Bridge and Morgan) . . II, 159 
Dichlormaleinimide preparation of, from urea and dichlormaleic anhy- 
dride (Dunlap) 1, 357 

Dichlormalemuric acid, preparation of, by action of urea on dichlorma- 

Idc anhydride (Dnnlap) I, 356 

Double ammonium phosphates of beryllium, zinc, and cadmium in ana- 
lysis (Austin) n, 252 

Electrolytic iron, use of, in standardizing permanganate solutions (Rob- 
erts) 1,269 

Ethers of toluqninoneoxime, and their bearing on the space isomerism 

of nitrogen (Bridge and Morgan) U, 145 

Ferric alum, use of, with nitric acid, to liberate iodine from haloid salts 

(Gooch and Mar) I, 23 

Ferrous salts, use of, in reduction of nitric acid (Roberts) I, 203 

Gold, iodometric determination of (Gooch and Morley) 11, 269 

Halogens, estimation of, in mixed silver salts (Gooch and Fairbanks) . I, 290 
Haloid salts, determination of iodine in (Gooch and Browning) ... I, 2 
determination of tellurous acid in presence of (Gooch and Peters) . II, 238 
Hydriodic add, action of, with hydrochloric add in separation of anti- 
mony from arsenic (Gooch and Danner) I, 86 

use of, in reduction of acids of seleninm (Gooch and Reynolds) . . 1, 310 

use of, in reduction of vanadic acid ( Browning) I, 397 

Hydrobromic acid, use of, in reduction of vanadic add (Browning) . . 1, 897 
Hydrochloric acid, action of, with hydriodic acid, in separation of anti- 
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inflnence of, npon the precipitation of bariam Bolphate (Mar) ... II, 68 
inflaenoe of, in titrations by sodium thiosolphate, with special refer- 
ence to the estimation of selenions acid (Norton) ...... 11, 206 

use of, in reduction of selenic acid (Grooch and Evans) 1, 331 

Qse of, in separation of aluminum from iron (Gooch and Havens) . II, 20 
use of, in separation of aluminum from zinc, copper, mercury, bis- 
muth (Havens) II, 106 

use of, with ether, to precipitate barium chloride in presence of salts 

of magnesium and calcium (Mar) 1,125 

use of, with potassium bromide, in reducing and volatilizing arsenic 

acid (Gooch and Phelps) . . . .'^ 1,265 

use of, with potassium, bromide, in separating arsenic from copper 

(Gooch and Moseley) I, 272 

use of, with potassium chlorate, to generate chlorine (Gooch and 

Kreider) 1,260 

use of. with potassium iodide in volatilizing arsenic (Gooch and 

Hodge) 1,231 

titration of oxalic acid by potassium permanganate in presence of 

(Gooch and Peters) 11,222 

yolatiiity of, in aqueous solutions containing sulphuric acid and so- 
dium chloride (Gooch and Mar) I, 19 

Hydrochloric acid (gaseous) use of, in separation of iron from chromium, 

zirconium, and beryllium (Havens and Way) II, 266 

Iodic acid, action of iodine on, in presence of hydrochloric add (Roberts) I, 257 
action of reducing agents on, in presence of hydrochloric add (Rob- 
erts) 1,252 

application to the analysis of iodides (Gooch and Walker) .... II, 33 

use of, in absorption of nitric oxide (Roberts) I, 250 

use of, in titration of sodium thiofiulphate (Walker) II, 52 

Iodides, application of iodic acid to the analysis of (Gooch and Walker) . II, 33 
Iodide method, use of, in separating copper from cadmium (Browning) . I, 226 
Iodine, action of, on iodic acid in presence of hydrochloric acid (Roberts) I, 257 
application of, in analysis of alkalies and acids (Walker and Gilles- 
pie) 11,162 

detection of, in presence of chlorine and bromine (Gooch and 

Brooks) I, 47 

determination of, in haloid salts, by action of arsenic add (Gooch 

and Browning) I> 1 

liberation of, from haloid salts, by arsenic acid (Gooch and Brown- 
ing) I. 1 

liberation of, from haloid salts, by ferric alum with nitric acid (Gooch 

and Mar) I, 23 

liberation of, from haloid salts, by nitrons acid (Gooch and Mar) . I, 27 
use of, in estimating iron reduced from the ferric state by sodium 

thiosulphate (Norton) II, 230 

lodometric determination of gold (Gooch and Morley) 11, 269 

of molybdenum (Gooch and Norton) 11,111 

of nitrates (Gooch and Gruener) 1, 132 

of nitrates (Gruener) 1, 193 

of selenions and selenic acids (Gooch and Peirce) I, 338 

lodometric estimation of alkalies and acids (Walker and Gillespie) . . II, 162 

of antimonic add (Gooch and Gruener) I, 73 
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of antimony separated from arsenic (Qooch and Banner) .... I, 86 

of arsenic acid (Gooch and Browning) I, 30 

of arsenic acid (Gooch and Morris) II, 335 

of boric acid (Jones) II, 244 

of carbon dioxide (Phelps) 1, 369 

of chlorates (Gooch and Smith) « I, 82 

of chromic acid (Browning) 1, 344 

of cerinm (Browning, Hanford, and Hall) II, 290 

of gold (Gooch and Morlej) n, 269 

of iodides (Gooch and Walker) II, 33 

of iodine in haloid salts (Gooch antl Browning) I, l 

of iron (Norton) II, 230 

of mercury (Norton) 11, 328 

of molybdenum (Gooch) II, 27 

of molybdenum (Gooch and Norton) 11,111 

of molybdic acid (Gooch and Fairbanks) 1, 375 

of nitrates (Gooch and Gruener) 1, 132 

of nitrates (Gruener) 1, 193 

of oxygen, in air and in aqueous solution (Ereider) II, 11 

of oxygen, in perchlorates (Kreider) I, 316 

of phosphorus in iron (Fairbanks) I, 391 

of selenious acid (Gooch and Reynolds) 1, 310 

of selenious acid (Gooch and Peirce) I, 338 

of selenic acid ((jtooch and Reynolds) I, 314 

of selenic acid (Gooch and Peirce) I, 338 

of selenium associated with tellurium (Gooch and Peirce) .... I, 348 

of tellurous acid (Gooch and Peters) II, 238 

of vanadic acid (Browning) I, 397 

of yanadic acid (Browning and Goodman) n, 4 

lodometric method for the determination of carbon dioxide (Phelps) . I, 369 

for the determination of phosphorus in iron (Fairbanks) .... I, 391 

for the estimation of boric acid (Jones) II, 244 

Iron, estimation of, in the ferric state by reduction with sodium thiosul- 

phate and titration with iodine (Norton) II, 230 

lodometric method for determination of phosphorus in (Fairbanks) I, 391 
method for the separation of aluminum from (Gooch and Havens) . II, 20 
separation of, from chromium, zirconium, and beryllium, by gase- 
ous hydrochloric acid (Havens and Way) 11,266 

separation of copper oxalate from (Peters) II, 347 

Iron analysis, standardization of potassium permanganate in (Roberts) . I, 269 

Iron oxides, separation of, from flJuminum oxide (Gooch and Havens) . II, 215 

Isonitrosoguaiacol, and salts of (Bridge and Morgan) II, 306 

IsonitroBoguaiacol benzoyl ether (Bridge and Morgan) 11, 307 

Isonitrosoguaiacol benzoyl ether dibromide (Bridge and Morgan) . . II, 307 
Isonitrosoguaiacol, ethers of, in their relation to the space isomerism of 

nitrogen (Bridge and Morgan) II, 304 

Isomerism (space) of nitrogen, in ethers of isonitrosoguaiacol (Bridge 

and Morgan) II, 304 

in ethers of toluqninoneoxime (Bridge and Morgan) n, 145 

Isomerism (space) of the toluqninoneoxime ethers (Morgan) .... II, 283 

Laboratory apparatus (Gooch) 1, 141 

Laboratory apparatus (Ereider) . 1, 306 
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Magnesiom, determination of, by precipitation as ammoninm magne- 
sium phosphate (Qooch and Austin) II, 190 

determination of bariom in presence of (Mar) 1, 125 

Maleic anhydride, action of primary amines upon (Dnnlap and Phelps) II, 44 

action of nrea and primary amines npon (Dnnlap and Phelps) . . 11, 42 
Maleiiric acid, preparation of, from nrea and maleic anhydride (Dnnlap 

andPhelps) 11, 42 

Manganese, determination of, as the pyrophosphate (Gooch and Austin) II, 121 
condition of oxidation of, precipitated by the chlorate process 

(Gooch and Austin) II, 85 

estimation of, as the sulphate and as the oxides (Gooch and Austin) II, 77 

estimation of, separated as the carbonate (Austin) II, 96 

Manganons chloride, use of, in hydrochloric acid, in detection of oxidiz- 
ing agents (Gk>och and Gruener) 1, 134 

use of, in estimating nitrates (Gooch and Gruener) 1, 132 

Mercury, grayimetric estimation of, as the oxalate (Peters) 11, 325 

separation of aluminum from (Harens) 11,109 

titration of, by sodium thiosulphate (Norton) II, 328 

Mercurous oxalate, separation and determination of (Peters) . . . . U, 320 
Metallic salts, action of sodium thiosulphate npon, in solution at high 

temperatures and pressures (Norton) 11, 384 

Molybdenum, estimation of iodometrically (Gooch) II, 27 

iodometric determiuation of (Gooch and Norton) II, 111 

Molybdic acid, iodometric estimation of (Gooch and Fairbanks) ... I, 375 

Monobromisonitrosoguaiacol benzoyl ether (Morgan) II, 308 

Monobromtoluquinonemetaoxime benzoyl ether (Bridge and Morgan) • II, 158 

Monobromtoluquinoneorthooxime benzoyl ether (Morgan) II, 286 

Naphthylmaleamic acid jS, preparation of, from iS-naphthylamine and 

maleic anhydride (Dnnlap and Phelps) II, 45 

Nickel, separation of, from cobalt (Elavens) 11,141 

separation from cobalt by action of ammonium hydroxide on the 

ferricyanides (Browning and Hartwell) II, 344 

l^trates, action of phosphoric acid and potassium iodide upon (Gruener) 1, 193 

decomposition of, by antimonioua chloride (Gruener) 1, 199 

detection of perchlorates associated with (Gooch and Ereider) . . I, 246 

iodometric determination of (Gooch and Gruener) 1, 132 

odometric determination of (Gruener) 1, 193 

Nitrates and chlorates, estimation of, in one operation (Roberts) ... I, 219 

Nitrates and nitrites, estimation of, in one operation (Roberts) ... I, 222 
Nitric acid, influence of, in precipitation of barium as the sulphate 

(Browning) 1, 181 

reduction of, by ferrous salts (Roberts) I, 203 

Nitric oxide, absorption of, by iodic acid (Roberts) I, 250 

Nitzogen, space isomerism of, and bearing of ethers of tolnquinoneozime 

(Bridge and Morgan), (Morgan) II, 145, 283 

space isomerism of, in ethers of isonitrosoguaiacol (Bridge and 

Morgan), (Morgan) II, 304 

Nitrous acid, use of, in liberating iodine (Gooch and Mar) I, 27 

use of, in liberating iodine (Gooch and Ensign) I, 43 

Oxalic add, titration of, by potassium permanganate in presence of hy- 
drochloric acid (Gooch and Peters) II, 222 

Oxygen, amount of, required to oxidize an organic substance (Phelps) . II, 71 
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determination, In air and in aqneons flolation (Kreider) II, 11 

Organic acids, application of, in estimation of yanadiom (Browning and 

Goodman) II, 4 

Organic substance, amount of oxygen required for oxidation of (Phelps) II, 71 

combustion of, by chromic acid in the wet way (Phelps) .... II, 67 

combustion of, by potassium permanganate in the wet way (Phelps) II, 62 

Perchlorates, quantitatiye determination of (Kreider) 1, 316 

Perchloric acid, application of, to the determination of potassium 

(Kreider) 1,286 

preparation of (Kreider) 1, 282 

Permanganate solutions, standardization of, by electrolytic iron ( Roberts) 1, 269 

Perofskite (so-called), analysis of, from Magnet Core, Ark. (Mar) . . I, 60 
Phosphorus, iodometric method for the determination of, in iron 

(Fairbanks) 1,391 

Phosphoric acid, determination of, by precipitation as ammonium mag- 
nesium phosphate (Gooch and Austin) II, 204 

Phosphoric acid, use of, with potassium iodide, in determining nitrates 

(Gruener) 1, 193 

Phthalanil. preparation of, from phthalic anhydride and sulphocar- 

banilide (Dunlap) 1,361 

Phthalanilic acid, preparation of, from phthalic anhydride and sulpho- 

carbanilide (Duulap) 1,361 

Phthalimide, preparation of, by action of urea on phthalic anhydride 

(Dunlap) 1,355 

Primary Amines, action of, on maleic anhydride (Dunlap and Phelps) . II, 44 
Potassium, detection and determination of, spectroscopically (Gooch and 

Hart) I, 92 

determination of, by perchloric acid (Kreider) I, 282 

estimation of, as the pyrosulphate (Browning) II, 368 

separation of, from sodium ( Kreider and Breckenridge) .... 1, 401 
Potassium Spectrum, brightening of, by sodium chloride (Gooch and 

Hart) 1,101 

Potassium bromide, use of, in reduction of selenic acid (Gooch and 

ScoTille) 1,385 

use of, in reduction of arsenic add (Gooch and Phelps) .... I, 265 
use of, with hydrochloric add, in separation of arsenic from copper 

(Gooch and Moseley) I, 272 

Potassium perchlorate, decomposition of, by anhydrous zinc chloride 

(Gtooch and Kreider) I, 247 

Potassium permanganate, estimation of cerium oxalate by (Browning 

and Lynch) II, 297 

action of sulphuric add upon (Gooch and Danner) 1, 145 

standardization of, in iron anslysis (Roberts) I, 269 

titration of oxalic acid by, in presence of hydrochloric add (Gooch 

and Peters) 11,222 

use of, in combustion of organic substances in the wet way (Phelps) IE, 62 
use of, in estimation of copper, with separation from cadmium, 

arsenic, tin, iron, and zinc (Peters) II, 347 

use of, in the volumetric estimation of mercury as the oxalate 

(Peters) 11,320 

use of, in the estimation of selentous acid (Gooch and demons) . . I, 297 

use of, in the estimation of telluroos add (Gooch and Danner) . . 1, 154 
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use of, in the estimation of tellarons acid (Gooch and Peters) . . II, 238 

Bedncing agents, action of, on iodic acid (Roberts) I, 250 

Bhodochrodte, analysis of, from Franklin Furnace, N. J. (Browning) . I, 57 

Rabidium, estimation of, as the acid solphate (Browning) II, 370 

qnantitatiye spectroscopic determination of (Gooch and Phinnej) . 1, 157 

Selenic acid, iodometric determination of (Gooch and Peirce) .... I, 341 

reduction of, by hydrochloric acid (Gooch and Evans) I, 331 

reduction of, by potassium bromide in acid solution (Gk>och and 

Scoville) 1,335 

Selenious acid, determination of, by potassium permanganate (Gooch 

and demons) 1, 297 

influence of hydrochloric acid in thiosulphate titrations of (Norton) II, 206 

iodometric determination of (Gooch and Peirce) 1,338 

Selenium, gravimetric determination of (Peirce) I, 365 

method for separation of, from tellurium (Gooch and Peirce) ... I, 348 

reduction of acids of, by hydriodic acid (Gooch and Reynolds) . . I, 310 

Selenium monoxide, on the existence of (Peirce) 1,385 

Silver salts, electrolytic reduction of, in estimation of halogens (Gooch 

and Fairbanks) 1, 290 

SilTer sulphocyanide in gravimetric analysis (Van Name) 11, 359 

Sodium, estimation of, as the pyrosulphate (Browning) II, 371 

separation of, from potassium (Kreider and Breckenridge) ... I, 401 

Sodium chloride, brightening of potassium spectrum by (Gooch and Hart) I, 101 
Sodium thioeulphate, action of, on solutions of metallic salts at high 

temperatures and pressures (Norton) II, 384 

influence of hydrochloric acid in titrations by, with special reference 

to the estimation of selenious acid (Norton) n, 206 

reduction of iron in ferric state by (Norton) II, 230 

use of, in titration of mercury (Norton) 11, 328 

titration of, by iodic acid (Walker) II, 52 

Sodium tnngstate, use of , as a retainer for boric acid (Gooch and Jones) II, 178 
Space isomerism of nitrogen, bearing of ethers of toluquinoneoxime on 

(Bridge and Morgan) (Morgan) 11,145,283 

Spectroscopic determination of potassium (quantitative) (Gooch and 

Hart) I, 92 

Spectroscopic determination of rubidium (quantitative) (Gooch and 

Phinney) 1,157 

Standard solutions of tartar emetic, stability of (Gruener) 1,216 

Standardization of potassium permanganate in iron analysis (Roberts) . I, 269 

Starch, bine iodide of (Roberts) 1,236 

Starch blue, conditions governing formation and decomposition of 

(Roberts) 1,236 

Strontium, estimation of, as oxalate (Peters) 11,374 

quantitative separation of, from calcium, by action of amyl alcohol 

on the nitrates (Browniug) I, 121 

separation of barium from, by action of amyl alcohol on the brom- 
ides (Browning) 1, 168 

separation of, from calcium, by action of amyl alcohol on the nitrate 

(Browning) * 1, 121 

Succinanil, preparation of, from succinic anhydride and snlpliocarban- 

ilide (Duulap) I, 363 

Succinic anhydride, action of sulphocarbanilide upon (Dunlap) ... I, 363 
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Soodnimide, preparation of, horn nrea and Bncdnic anhydride (Dnnlap) I, 353 
Sulphates, detection of, in presence of sulphides, solphites, and thioenl- 

phates (Browning and Howe) 11, 134 

Sulphides, detection of, in presence of sulphates, sulphites, and thiosnl- 

phates (Browning and Howe) 11, 134 

Sulphites, detection of, in presence of sulphides, sulphates, and thiosul- 

phates (Browning and Howe) II, 134 

Sulphocarbauilide, action of, on certain acid anhydrides (Dunlap) . . 1, 355 

action of, on phthalic anhydride (Dunlap) I, 355 

action of, on succinic anhydride (Dunlap) 1, 359 

Sulphocyanides of copper and silver in gravimetric analysis (Van Name) II, 359 
Solphnric acid, action of potassium permanganate upon ((jooch and Dan- 

ner) 1, 145 

Tartar emetic, stability of standard solutions of (Gruener) 1, 216 

Tellurium, determination of, by precipitation on the iodide (Oooch and 

Morgan) II, I 

method for the separation of selenium from (Gooch and Peirce) . 1, 348 
Telluric acid, iodometric method for the estimation of (Gooch and How- 
land) 1,277 

Tellurous acid, determination of, by potassium permanganate (Gooch 

and Danner) 1, 154 

determination of, in presence of haloid salts (Gooch and Peters) . . II, 238 

Thallium, estimation of, as acid and neutral sulphates (Browning) . . II, 317 

estimation of, as chromate (Browning and Hntchins) II, 300 

Thiosnlphates, detection of, in presence of sulphides, sulphites, and sul- 
phates (Browning and Howe) II, 134 

Tin, detection of arsenic associated with (Gooch and Hodge) .... I, 231 

separation of copper as oxalate from (Peters) II, 347 

Titanium salt, action of sodium thiosulphate upon, at high temperatures 

and pressures (Norton) II, 392 

Toluquinoneoxime, ethers of, and their bearing on the space isomerism 

of nitrogen (Bridge and Morgan) II, 145 

Toluquinoneoxime ethers, space isomerism of (Morgan) II, 283 

Tolnquinonemetaoxime acetyl ether (Bridge and Morgan) II, 153 

Toluquinonemetaoximo benzoyl ether (Bridge and Morgan) II, 154 

Tolnquinonemetaoxime methyl ether (Bridge and Morgan) II, 152 

Tolnquinonemetaoxime, sodium salt of (Morgan) II, 285 

Toluquinoneorthooxime acetyl ether (Bridge and Morgan) II, 160 

Toluquinoneorthooxime benzoyl ether (Bridge and Morgan) .... II, 160 

Toluquinoneorthooxime benzoyl ether dichloride (Morgan) H, 287 

Toluquinoneorthooxime methyl ether (Bridge and Morgan) -. . . . II, 159 
Tolylmale&mic acid (o), preparation of, from maleic anhydride and 

o-toluidine (Dunlap and Phelps) II, 145 

Tolylmaldimic acid (p), preparation of, from maleic anhydride and 

f>-tolnidine (Dunlap and Phelps) II, 44 

Urea, action of, on certain acid anhydrides (Dunlap) 1, 355 

actionof, on maleic anhydride (Dunlap and Phelps) II, 42 

Vanadic acid, reduction of by hydriodic and hydrobromic adds (Brown- 
ing) 1.397 

estimation of, iodometrically (Browning) . I, 397 

L Vanadium, application of certain organic acids to estimation of (Brown- 

ing and Goodman) II, 4 
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VolatiluatioD of the iron chlorides in aaaijaa (Qooch and Havani) . . n, 215 

VolometTic eetimatiOD of mercnt; (PeWn) II, 320 

Zinc, iepvation of slaminam from (HiTeos) II, 107 

■eparstioQ of copper as oxalata from (PeC«n) U, 3ST 

Zincammoninm pbosplialeiD anoljsiB (Atutin) n, 2S7 

2!b)c chloride {anhjdronB), use of, in detecting perohlontei (Qooch and 

Kieidei) 1, 347 

Zirconinm, lepanttioa ol iiOQ from, b/ gueooB hydiochloric add 

(Hftvenaand Way) 11,366 

Zirconinm salt, action of sodinm thloMilpluUe opon, at high temper- 

Mum and preuoroB (Norton] II, 391 
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